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N CONGENITAL or acquired constrictive disease of the arterial system, an 

enlarged collateral circulation is present, but this is not true in the ease of 
aneurysms. The circulatory shunt is an immediate surgical substitute for 
collateral circulation. It provides nutrition to distal vital organs and time for 
meticulous reconstructive surgery. The closer the vascular lesion is to the heart 
the greater the need for a shunt, since momentary interruption of the cerebral 
circulation disposes the patient to an unnecessary risk. In fact, high ocelusion 
of the aorta just distal to the left subelavian artery is not without risk since 
marked physiologic disturbances are precipitated not only upon ocelusion but 
upon release of the occlusion as well. 

Sudden occlusion near the arch produces a proximal hypertension which, 
if sustained, may prove to be a severe imposition upon both the left ventricle of 
the heart and the cerebral blood vessels. It is reasonable to believe that in 
older patients the sudden additional vascular tension may precipitate a cerebral 
accident or, if prolonged, dispose the patient to myocardial insufficiency be- 
cause the status of the coronary arteries is usually an unknown factor. How- 
ever, cardiac failure is unlikely to oceur if the coronary blood supply is capable 
of inereasing in proportion to the myocardial demands. 
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Sudden release of the occlusion is more hazardous than sudden occlusion 
beeause coronary flow is reduced at a moment when myocardial demand is 
maximum. To wit, it is known that distal to the occlusion a hypotension de- 
velops with an associated hypoxia and vasodilatation. Upon sudden release 
of the occlusion, ‘‘hemorrhage’’ may be said to occur into the dilated vascular 
bed. A marked fall in blood pressure often results which is tolerated well by 
all the various systems except the vital coronary system whose flow is momen- 
tarily decreased in the presence of a compensatory increase in the work of the 
heart. Stagnation of the blood under these circumstances causes reduction in 
the volume of circulating blood with a decrease in blood returning to the heart. 
The reduced eardiae return is accountable for the low ecardiae output and the 





Fig. 1.—Left lateral film taken in 1949 revealed a mediastinal mass, posterior to the 
heart, proved on exploration to be an aneurysm of the descending aorta. A reproduction of 
posteroanterior film of chest is omitted because it was uninformative. 





fall in both systolic and diastolic pressures. Since the diastolic pressure is an 
important adjunct to coronary flow the stage has been subtly set for a cardiac 
catastrophe. After high occlusion of the aorta for perhaps an hour, the heart, 
laboring against a head pressure of this degree, is approaching exhaustion at 
a time when the occlusion is suddenly released. The strained heart in a des- 
perate effort to compensate for the sudden change in vascular dynamics is then 
ealled upon to make a final heroic effort to restore circulatory physiology to 
normal. 

It is the knowledge of this potential disaster that drives the surgeon to a 
hasty conclusion of a rather meticulous piece of surgery. He knows that in his 
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contest with time he must frugally protect the cardiae reserve by reducing to a 
minimum the hypertensive and hypotensive intervals. Should prolonged oeelu- 
sion prove necessary, the integrity of the coronary circulation may be enhanced 
by the gradual release of the occlusion and the simultaneous use of a vaso- 
constricting drug. These hazards are avoided by the use of a shunt. 

The following is a case report in which multiple aneurysms of the thoracic 
aorta were resected while circulation was maintained with a heterologous aortic 
external shunt. 

CASE REPORT 

L. C., No. 45055, a 63-year-old white male cook, was admitted to the Brooklyn Veterans 
Administration Hospital on Aug. 23, 1954, for evaluation of the progressive increase in the 
size of thoracic aneurysms as demonstrated by serial chest x-rays. 





Fig. 2. Fig. 3. 


Fig. 2.—Posteroanterior chest film taken in November, 1954, which revealed 3 aneurysms. 
Fig. 3.—Left lateral tomogram taken in 1954 shows the aortic pathology in more detail 
as outlined by arrows. The fourth aneurysm in the ascending aorta is not visualized. 





The aneurysms were first diagnosed in 1949, when the patient presented himself to 
another institution because of a three-month history of a productive cough. Work-up revealed 
a mediastinal mass (Fig. 1). On exploratory thoracotomy on June 1, 1949, two aneurysms 
measuring 4 cm. and 5.5 em. were found in the descending thoracic aorta. Oxycel was wrapped 
about the aneurysms to stimulate fibrosis and the chest closed. The patient’s condition was 
fairly satisfactory until February, 1953, when he again was hospitalized for dyspnea, 
orthopnea, cyanosis, and vertigo. Diagnoses of a cardiac decompensation secondary to 
myocardial infarction and a spontaneous right pneumothorax were made. The symptoms sub- 
sided on a medical regimen. 
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On admission to this hospital, the patient still had a slight cough and orthopnea. There 
was no history of syphilitic infection. Physical examination revealed the blood pressure 
to be 112/70, pulse 70. The chest was emphysematous, with basilar wheezes bilaterally. 
Peripheral pulses were adequate. Tomography and chest film (Figs. 2 and 3) disclosed a 
third aneurysm in the arch of the aorta. 

An exploratory operation was performed on Nov. 4, 1954, through the bed of the left 
ninth rib and the fourth interspace (Fig. 4). The first aneurysm (not seen on x-rays), 2 em., 
was situated just proximal to the innominate artery; the second, 4 em., was located just 
distal to the origin of the subclavian artery; the third, 6 em., was at the level of the pulmonary 
hilus; and the fourth, 10 em., was within 2 em. of the diaphragm. The aorta was mobilized. 


Two 25 em, segments of pig aorta sutured together were made into an external shunt. <A 





Fig. 4.—Drawing of the approach te the aorta through a long left dorsolateral thoracoabdomi- 
nal incision. The fourth interspace and resection of the ninth rib are shown. 





with the 


Fig. 5.—Drawing of the aneurysms in the ascending and descending aorta 
i prox- 


heterograft shunt sutured into place distally and into the dome of the first aneurysm 
imally. 

cloth-covered Satinsky clamp was placed about the most proximal aneurysm, the dome of 
the aneurysm excised, and the proximal limb of the shunt sutured into place. The distal 
limb was sutured into the aorta 2 em. beyond the distal aneurysm (Fig. 5). In spite of 
its comfortable length (50 em.), the shunt did not kink and was easily maneuvered into 
any necessary position. The descending thoracic aorta, including the three aneurysms distal 
to the subclavian artery, was resected between clamps and replaced by a 20 em. reconstituted 
homograft. The shunt was then removed after having maintained adequate hemodynamics 
for two hours and fifty-five minutes. The patient tolerated the procedure fairly well, requiring 
3,500 c.c. of blood. The vital signs were static except for moderate hypotension with blood 
pressure ranging between 80 and 130, systolic, and occasional dips to 60 and 70, diastolic. 
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The postoperative course was marred by memory loss which largely subsided after five 
days. This was thought to be due to anoxia during the operation. Aphasia, noted for the 
first few days, and subsequent voice changes were due to paralysis of the left vocal cord. A 
portion of the wound became infected and cleared after débridement and secondary closure. 
At the time of discharge from the hospital on Feb. 11, 1955, the patient was fully active. 
Peripheral pulses were present. Tomography revealed the aorta to be uniform in diameter 
throughout (Fig. 6). Sections of the specimen revealed the aneurysms to be atherosclerotic. 

The patient was readmitted on March 15, 1955, because of anorexia, orthopnea, and 
exertional dyspnea. The blood pressure was 90/70, pulse 110. There were decreased breath 
sounds in both bases. Peripheral pulses were unchanged. Chest film (Fig. 7) was essentially 
negative. Fluoroscopy showed the costal and diaphragmatic movement to be reduced and 
beneath the diaphragm was a large collection of gas in both the stomach and large bowel. 
The symptoms were thought to be due to these findings and they subsided on medical regimen. 
It was interesting to note, on this admission, that there was less pulsation in the grafted 


segment than in the host aorta. 








POST-OPERATIVE PA CHEST, 3/16/55 


Fig. 6. Fig. 7. 


Fig. 6.—-Left lateral tomogram taken three months following resection of multiple aortic 
aneurysms. The normal aortic contours are 2 mm. posterior to the dotted line. 
Fig. 7.—Four-month postoperative posteroanterior film of chest. 


HISTORICAL REVIEW 

The surgical procedures which have been used for the treatment of aortic 
aneurysms can be conveniently divided, according to Cooley and DeBakey, into 
three groups: (1) Those designed to promote thrombosis and organization by 
ligation, by introduction of foreign material, or by periarterial fibroblastic 
reaction. (2) Repair of the communication between the aorta proper and the 
aneurysm while the aorta is temporarily clamped (restorative endo-aneurysmor- 
‘aphy). (3) Extirpation of the lesion with or without restoration of flow 
through the parent vessel. 
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1. Procedures Which Promote Thrombosis——Depending on the site of liga- 
tion relative to the aneurysm, various procedures were designed for sudden 
occlusion of the large arteries as described by Antyllus in the second century*® 
and then by Anel in 1710, Hunter in the 1760’s, and Brasdor in 1798.7? They 
failed, among other reasons, because of ischemia distal to the ligation, secondary 
hemorrhage due to gradual erosion of the suture, and/or recurrence due to 
loosening of the ligature. The first ligation of the aorta was performed by 
Sir Astley Cooper in 1817 for an aneurysm of the left iliac artery. From that 
date until 1920, none of the 18 patients on whom this procedure was done left 
the hospital alive.? Subsequently, survivors were reported but the patients suf- 
fered from paralysis or weakness of the lower extremities and/or cardiac de- 
compensation.*"* These symptoms subsided when the ligature loosened, which 
was usually the ease. 

In order to decrease the morbidity and mortality of sudden occlusion of the 
aorta, methods of gradual occlusion were suggested so as to stimulate the forma- 
tion of collaterals and permit the heart to become adjusted to the increased 
peripheral resistance. These procedures, generally unsatisfactory, varied from 
occlusion by pressure through the skin to directly applied clamps, ligatures, 
rubber drains, metal bands, fascia, rubber bands, homologous aortic strips, and 
intraluminal fascial plugs.°® Partial aortic occlusion by plication,®’? and in- 
complete ligature®* *® also met with fatal results as, in each group, there was 
damage to the adjacent tissues, infection, and/or hemorrhage. 

This failure gave rise to the idea of wrapping the aneurysms with an agent 
that would stimulate fibrosis without any immediate partial occlusion. It was 
presumed that the gradual process of fibroplasia would provide adequate sup- 
port to the aneurysmal wall. Following Page’s® lead that polyethylene pre- 
pared by DuPont had such properties, Pearse’ succeeded in producing con- 
striction of the aorta. Cowley and Yeager® '® found the active agent to be 
dicetyl phosphate. Other investigators® 1! 1% 2% % 3 along with Cowley and 
Yeager used this method without uniform success and found that mobilization 
of the aorta may lead to rupture and that the wrapping may compromise the 
blood supply of the sae wall. Vargas and Dieterling’s'* method of supporting 
aneurysms with a nylon net met with similar results. 

The third method? of producing fibrosis of the aneurysm was introduced 
by Moore in 1865 who inserted silver wire into thoracic aneurysms to stimulate 
clotting. In 1879, Carradi passed a galvanic current through similarly placed 
wires. Blakemore®® revived this method and found that of 63 patients with 
syphilitic aneurysms so treated, 34 survived an average of 2.4 years, while 
12 died in the hospital. When he’ added partial occlusion of the proximal aorta 
with dicetyl phosphate-coated rubber bands, he noted that too rapid occlusion 
caused claudication in the lower extremities while inadequate constriction re- 
sulted in an increased strain (nozzle effect) on the aneurysm with rupture. 

2. Endo-aneurysmorrhaphy.—The principle of endo-aneurysmorrhaphy 
with restoration of the lumen of large arteries, as introduced by Matas” ** in 
1888, offered the most physiologic approach to the problem up to that time. 
Bigger? reported the first successful application of the method in the treatment 
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of an aneurysm of the abdominal aorta in a patient in whom an aortie ligature 
loosened. <A similar procedure was used to repair aneurysms of the innominate 
artery'® and vena cava—abdominal aorta fistulas.1® 2° Lane and Pierce’ success- 
fully combined endo-aneurysymorrhaphy with polyethylene wrapping for an 
aneurysm of the innominate artery. Woods and Kenney*' modified this proce- 
dure and treated a small aortic aneurysm by infolding the sae and tamponading 
it against the approximated edges of the defect. 

Saccular aneurysms of the aorta lent themselves easily to another modifica- 
tion of this procedure whereby the neck of the sae is clamped and the aortic 
defect sutured. This has been done unsuccessfully by Tuffier?? in 1902, and 
Kummel?* and Kerstorsky,’® and successfully by Monod** in 1947 and subse- 
quently by others.® 2° 7% ° The importance of excision of the sae to prevent 
its necrosis and infection was emphasized by Tuffier,?* Cooley and DeBakey,® 
Bahnson,”> Lam and Aram,”* and Freeman and Leeds.”! 

3. Excision of Aneurysms.—In dealing with fusiform aneurysms of the 
aorta, especially above the renal arteries, the previous methods were not always 
effective or desirable. If this pathology is present, a section of aorta has to be 
resected and replaced by a graft or prosthesis. Excision of aneurysms of the 
innominate, subclavian, and carotid arteries with ligation of the parent vessel 
has been described.® 1°17 ?> Alexander and Bryon** were the first to report 
such a procedure on the aorta. In their ease, the aorta was ligated just distal 
to the left subclavian artery and a section of aorta containing a coarctation and 
an aneurysm was resected. The postoperative course was stormy leaving the 
patient with residual weakness even though collaterals were developed. Follow- 
ing Crafoord’s report*® that the aorta could be safely cross clamped for 27 
minutes while operating for patent ductus (but with damage to the spinal cord 
after 48 minutes’’), coarctations of the aorta were resected and the aorta re-anas- 
tomosed or grafted.*>-3* 44 72-74 Neurological sequelae and fatalities were re- 
ported in some eases. One cause of several fatalities*® ** *? and possibly an- 
other** in this latter group, despite the presence of well-developed collaterals, 
was sudden release of the clamp occluding the aorta. A similar sequel was the 
result of releasing the occluding clamp, after resecting an abdominal aneurysm** 
and, possibly, after resection of thoracic aneurysms.** 

In the absence of adequate collaterals, success or failure of excision of aortic 
aneurysms with homografting depends on the length of time the aorta is oc- 
eluded. In 1951, Dubost and co-workers*® reported the successful excision of an 
abdominal aortic aneurysm and grafting in 1 case. Subsequently, DeBakey and 
Cooley®® clamped the abdominal aorta for 48 to 102 minutes while abdominal 
aneurysms were resected and the aorta grafted, with one fatality after 105 
minutes’ occlusion. This was followed by their report** of the same method 
for thoracic aneurysms. The aorta was clamped for up to 45 minutes success- 
fully in 1 case, but with residual weakness of the lower extremities in another 
and with a failure in a ease after 77 minutes’ occlusion. Hypothermia enabled 
them to extend occlusion to 62 minutes in a thoracic aneurysm, but there was one 
death after 53 minutes’ occlusion. Under normothermia, Bahnson?* *° occluded 
the aorta just distal to the subclavian artery for 20 minutes without sequelae, 
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but clamping just proximal to the left carotid artery had to be discontinued 
atter 7 minutes because of hypotension and eardiac irregularity. Further ex- 
perimental evidence*!-*® revealed that hypothermia lengthened the time that 
the aorta may be totally occluded but the incidence of complications remained 
considerable. Investigators have attempted to preserve normal dynamics of 
circulation in order to avoid the shortcomings of the previously described meth- 
ods of treatment. This has been accomplished in two ways. In the first, a 
graft or prosthesis is threaded over a rigid tube that serves as a temporary 
intraluminal shunt. As early as 1894, Abbe,** and Carrel,*7-*° in 1910, pioneered 
this method when they placed tubes of paraffined rubber, glass, aluminum, and 
gold plate into major arteries of experimental animals. These tubes functioned 
as temporary conduits even though they eventually thrombosed. Lately, Huf- 
nagel*! and others**-** successfully used methyl methacrylate, polyethylene, and 
siliconized stainless steel tubes as intraluminal shunts for aortic resection and 
grafting in animals. Johnson, Kirby, and Lehr,’ and Lam and Aram?* applied 
this principle in excising thoracic aneurysms while the aorta was clamped for 
6 to 8 minutes and 15 to 24 minutes, respectively. The latter’s patient had 
residual weakness in the lower extremities and a temporary neurogenic bladder, 
postoperatively. 

The second method employs the use of lateral or exclusion shunts whereby 
the blood flow is never completely interrupted even though the pathologie section 
of the aorta is completely isolated eventually. Carrel**? was again a pioneer in 
attempting the aorta-aortie shunts and shunts from left ventricle to the aorta 
experimentally. His results were poor. Freeman and Leeds‘! were able to 
resect aneurysms of the abdominal aorta after shunting the blood flow by way 
of a splenic artery-internal iliae artery anastomosis. Clatworthy and Vareco,’* 
and Clatworthy, Sako, Chisholm, and Culmer®® showed marked improvement in 
mortality and morbidity rates as compared to those in controls when siliconized 
polyethylene tubes with a maximal diameter of 0.085 inch were used as external 
shunts experimentally. Schafer and Hardin,® and Hardin, Batchelder, and 
Schafer® similarly had good results in animal experiments. The same authors,°? 
however, had two fatalities on attempting to resect an aneurysm of the aortic 
arch and one of the abdominal aorta, respectively. The method was successful 
in treating a vena cava—abdominal aorta aneurysm. These authors noted that 
partial occlusion of the inferior vena cava limited the proximal hypertension 
and eardiae load by limiting the cardiae input. Izant, Hubay and Holden*®: 
were able to shunt 80 per cent of the aortic flow through a large polyethylene 
tube experimentally. The shunt was fixed to the aorta by two double-lumen, 
double-flanged, stainless steel tubes. Mahorner and Spencer®* used the homo- 
graft itself as an external shunt in treating an aneurysm of the innominate 
artery. The aneurysm was ligated proximally and distally at the first procedure 
as well and excised at a later date. Cross, Kay, and Jones,® and Donovan 
have reported experimental results in shunting the left ventricle by way of the 
auricle to the aorta and the pulmonary conus to the pulmonary artery by way 
of Tygon tubing with good results suggesting its use for surgery on the valves 
and proximal great vessels. Stranahan, Alley, Sewell, and Kausel®’ presented a 
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method of shunting any portion of the aorta, including the areh, with the use 
of a multilimbed Tygon tubing fixed to the proximal and distal aorta with 
heterografts and to the innominate artery with a cannula; the patient died in 
the operating room from hemorrhage due to a concomitant pneumonectomy. 
They successfully excised an aneurysm of the descending thoracic aorta in 
another case within 3 hours and 20 minutes using a _ two-limbed shunt. 
Satinsky, Neptune, and Alai®* suggested a method of shunting the arch of the 
aorta with the homograft that is to be its replacement. 

As a corollary to the use of external shunt, it has been shown experimentally 
that the flow of blood through these external shunts can be inereased® if the 
shunt is passed through a pump or maintained“ if the heart is intentionally 
fibrillated for intracardiae surgery. 


DISCUSSION 


There have been numerous reports in the recent literature concerning the 
excision of coarctation, aneurysm, and obliterative processes of the aorta. In 
the treatment of all these diseases, the aorta is clamped either tangentially or 
crosswise, which, in the latter instance, always alters the hemodynamies of the 
circulatory system. This results in; (1) inereased load on the heart and 
coronary system, (2) hypertension proximal to the clamp, (3) hypotension and 
ischemia distal to the clamp, and (4) occasional circulatory collapse when the 
clamp is removed. ~- 

The several methods of minimizing these sequelae include partial inferior 
eaval occlusion, intraluminal and extraluminal shunts, and hypothermia. When 
considering the type of procedure to be employed, the type of pathology to be 
removed and its site are of prime importance. 

Obliterative disease usually occurs in the distal aorta and collaterals are 
well developed, thereby alleviating the need for rapid surgery, shunts, and 
hypothermia. Here the main problem encompasses the adequacy of the anas- 
tomosis between the homograft or plastic prosthesis and the host vessels which 
are usually markedly sclerotic and may have been further weakened by thrombo- 
endarterectomy.*> Collaterals are also well developed in coarctation of the 
aorta but, since the occlusion is in the proximal aorta, the problem is greater 
especially when the coarctation is long or associated with poststenotie dilatation 
which necessitates a homograft with the additional time needed for two anas- 
tomoses rather than a more simple resection and an end-to-end repair. Accord- 
ingly, Gross,*? Crafoord,*® Stephens and Grimes,** and Glenn and O’Sullivan*! 
have all reported fatalities on attempting to treat coarctations. Neurological 
sequelae have been reported also. 

Aneurysms differ from coaretations and obliterative diseases in not causing 
a comparable collateral arterial system. The problem of anastomosis of the 
graft to the host aorta in the presence of atherosclerosis, after resection of an 
aneurysm, is similar to that in obliterative disease and has resulted in fatal- 
ities,>?» 3° 

Saceular aneurysms are usually found above the renal arteries and are 
generally due to syphilis. If the sae can be mobilized, restorative endo-aneu- 











°60 CHAMBERLAIN ET AL. J. Het tee 
rysmorrhaphy or lateral aortorrhaphy with excision of the sae may prove satis- 
factory although these procedures are not without danger.® *?-*° 

Fusiform aneurysms of the aorta require total excision and replacement by 
either a homograft or plastic prosthesis. Blakemore’s method of wiring with 
gradual occlusion of the aorta is not applicable to treatment of thoracic 
aneurysms, especially in the ascending aorta. Wrapping of the aneurysms with 
dicetyl phosphate cellophane or adventitial injection** of dicetyl phosphate, as 
stated previously, is not completely satisfactory. , 

Therefore, the two remaining methods, namely, the use of rapid surgery 
with or without hypothermia and shunts to maintain circulation during excision 
and grafting, have received considerable attention. Undoubtedly, the use of 
shunts involves a longer operation. The question then remains as to whether 
the inherent risks in eross clamping the aorta are worth taking. Various 
investigators®*” #1; 52-5 8355 have caused hind limb paralysis in dogs with the 
thoracic aorta clamped for as little as 15 minutes with up to 50 per cent incidence 
of paralysis when the occlusion is prolonged to 60 minutes. It has been also 
shown experimentally* that the incidence of hind limb paralysis is higher when, 
in addition to cross clamping the aorta just distal to the subclavian artery, the 
intereostal arteries are also ligated. Also, cross ligation of the aorta at two 
sites, as would be necessary for excision of a fusiform aneurysm, is associated 
with a higher incidence of paralysis than is clamping at one site only. That 
the critical level of aortic occlusion is at the level of the diaphragm has been 
demonstrated by DeBakey and Cooley,** who have resected 45 abdominal 
aneurysms with the aorta occluded just distal to the renal arteries for periods 
up to 2 hours. These authors, as well as others,*® have not shown evidence 
of ischemic damage to the liver, kidneys, or other abdominal viscera, and lower 
extremities. 

Occlusion of the thoracic aorta for resection of aneurysms for as little as 
24 minutes may cause spinal cord ischemia, and longer periods may result in 
fatalities. Hypothermia allows longer periods of ischemia to be tolerated by 
lowering the metabolism but the blood pressure changes above and below the 
aortic clamps are essentially unchanged as compared to normothermic controls. 
The fatalities following even gradual release of the occluding aortic clamp after 
the graft has been put into place also demand attention. 


The use of a shunt to provide distal circulation and prevent changes in 
vascular dynamies is an attempt to simulate nature’s method of providing 
collaterals beyond a point of constriction. This is particularly so with the use of 
external shunts. Internal shunts in the manner suggested by Carrel and Abbe 
and used successfully by Hufnagel and others necessitate a short period of 
clamping. Whether it was this clamping for 24 minutes or the mobilization of 
the thoracic aorta that caused leg weakness in the case of Lam and Aram is 
not definite, but undoubtedly both played a part. 

External shunts of small diameter, although decreasing the morbidity and 
mortality in experimental studies, have not been sufficiently successful either 
experimentally or clinically. However, studies in which most of the blood is 
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shunted, whether by special clamps,* °** heterografts,* or fabries of adequate 
length and diameter,” indicate that at least the blood pressure changes and 
distal ischemia may be successfully avoided. 


SUMMARY 


1. Resection of lesions high in the thoracic aorta should be done in a 
manner to avoid cerebral hypertension, left ventricular strain, and ischemia 
of distal vital organs. 

2. External shunts of large diameter will avoid these complications and may 
consist of heterologous grafts, tubes, or fabrics. 

3. In a elinieal case, a heterologous shunt (pig’s aorta) was used between 
the ascending and abdominal aorta while four aneurysms in the ascending and 
descending aorta were successfuly removed. A homograft was used to replace 
the descending aorta. 
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DISCUSSION 


DR. WILLIAM H. SEWELL, Bethesda, Md.—The technique of using a heterologous 
arterial shunt can also be used when one desires to divide the aorta proximal to the innominate 
artery. It requires at least a three-limb rather than a two-limb shunt. 

(Movie) This is a dog operation which was done together with a group from Alhany. 
The shunts we use are the brachiocephalic artery from about 1,200-pound steers. The bovine 
species have only one major branch coming from the aortic arch and this gives rise to both 
subelavians and both ecarotids. The brachiocephalic artery is removed from the donor animal 
very near the arch. One of the branches is sutured to the ascending aorta, and the second 
to the descending. The third ean go to the brachiocephalic artery in the case of the dog 
which has only two branches from its arch. In the ease of the human, the remaining two can 
be used for the innominate and the left carotid arteries. 

Here we see the shunt in action. The limb is sutured to the ascending aorta of the dog; 
this one is to the descending aorta, and here is a polyethylene cannula connecting into the 
brachiocephalie artery of the dog. These bovine shunts, like the pig ones, pulsate nicely, and 
as Dr. Alley has previously reported, the major advantage is the adsorption of the systolic 
thrust from the proximal aorta. Blood ean be stored in the shunt during systole and returned 
during diastole. The shunt in this case has been sutured to the aorta by end-to-side anas- 
tomosis exactly as in the film you just saw. 

These vessels are about the size of one’s middle finger, and we believe they are large 
enough both for the dog and for human beings. If a larger one is desired, a larger donor 
could be obtained. 

The procedure is difficult and rather dangerous, but we believe it has a very definite 
place in surgery of this part of the aorta. The extra time required for implanting and 
removing the shunt is often repaid by the greater safety provided. 


DR. FREDERICK S. CROSS, Cleveland, Ohio.—Several criticisms may be directed at 
the use of artificial shunts to by-pass segments of thoracic aorta during aortic resection. 
Plastic shunts of sufficient caliber are difficult to insert and are rigid, making them unwieldy 
and in the way during surgery. In the case of homologous or heterologous blood vessel shunts, 
at least two extra anastomoses are required, and there is the necessity of repairing the vessels 
following the removal of the shunts. 

(slide) In order to get around some of these objections through the use of small-caliber 
flexible plastic tubing, we have placed a Sigmamotor pump in the circuit to obtain the flow 
rates desired. In by-passing the descending thoracic aorta, blood is picked up from the left 
subelavian artery as shown and returned to the descending aorta or into the femoral artery. 

(slide) The next slide illustrates how the pressures can be regulated above and below 
the by-passed aortic segment. By increasing the pump rate it is seen that the aortic arch 
pressures are lowered and the abdominal aortic pressures are raised. It is possible, then, to 
select and maintain the pressure one wants to carry in the aortic arch region and to avoid 
extreme degrees of hypertension in this area. 

(slide) The most difficult problem associated with the resection of the aorta is that of 
resecting the arch region. A year ago we presented work before this Association utilizing a 
rigid plastic shunt from the left ventricle to the aorta. It works fairly well but, unfortunately, 
is not the final answer because in order to get adequate flow rates and to prevent hypertension 
in the left ventricle it is necessary to use a fairly large caliber tube (at least one-half of the 
diameter of the ascending aorta). 

(slide) A more satisfactory technique is to utilize the Sigmamotor pump with small 
tubing, taking blood directly from the left ventricle and returning it to the innominate and 
carotid arteries and to the descending aorta. In this manner, the arch can be completely 
by-passed. It is probably simpler, however, to return the blood only to the descending aorta 
or femoral artery, suturing the graft in a retrograde manner, first making an end-to-side 
anastomosis between the graft and descending aorta, then between the graft and the vessels 
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in the arch, and finally between the graft and the ascending aorta. In this manner, the 
ascending aorta need be clamped only during the final anastomosis and blood flow to the 
vital centers is maintained throughout the insertion of the graft. 


DR. HENRY T. BAHNSON, Baltimore, Md.—I should like to compliment Dr. Chamber- 
lain and his group for a beautiful combination of surgical skill, modern cinematographic 
technique, comparative anatomy, and the transportation system of the Eastern seaboard. 

Any procedure, however, which requires ten hours at the hands of Dr. Chamberlain, I am 
sure will require considerably longer than that at mine and at the hands of many others, and 
I would like to show simply a technique used in a patient which solved some of our overtime 
hours. The patient had an aneurysm on the aortic arch. The sizable aneurysm and clot can 
be seen as well as the lumen filled with contrast material. This specimen is demonstrated 
here in the best Houston fashion. 

(slide) This shows the operative procedure. We simply put our definitive shunt in, as 
described by Mahorner and Spencer, instead of using a heterograft. This was anastomosed 
to the proximal aorta and the distal end was anastomosed to the distal aorta. We initially 
planned to anastomose the various vessels of the arch to the head vessels, but found after 
the shunt was in place and after dissection of the aneurysm had begun, that we were able to 
place a clamp across the lower side of the aortic arch and preserve a tongue of aorta from 
which the cerebral and brachial vessels arose. The obvious disadvantage of this type of 
procedure is that more graft tissue is left in place than is normally required; in fact, this 
has led to considerable chiding by one of my aneurysmal friends concerning a patient in 
whom a thoracic aneurysm was so large that we had to sew two thoracic aortic grafts together 
to bridge it. The extra graft, however, that was required in this individual in order to get 
around the aneurysm has caused no embarrassment to the patient and he is well now some 
two months following the procedure. 


DR. CLARENCE CRAFOORD, Stockholm, Sweden.—Dr. Chamberlain raised one point 
of interest and importance; that was the release of the clamps in cross-clamping the aorta. 
In close to 200 patients with aortic resections, we have not experienced any complications 
in spite of the fact that we have never taken any precaution whatsoever to release the clamps 
slowly. 

We have, also, between 30 and 40 cases of patent ductus where the cross clamps below 
and above the ductus were in for periods of up to between 15 and 30 minutes and, even in 
those cases, we have not seen any blood pressure variations of any consequence after quick 
release of the clamps. I have had no experience with cross-clamping of the aorta when there 
is no collateral circulation for longer than a period of up to half an hour. The reports that 
have come from this country, and from other places as well, on the danger in releasing cross 
clamps very rapidly, I believe must be due to something other than the cross-clamping itself. 
I believe that the deleterious effect ascribed to the quick release of the clamps is due to 
the fact that the patient has not been under good anesthesia and good ventilation during the 
time of operation. The type of ventilation that I see in many places is not often adequate. 
If arterial blood samples had been taken from patients in whom circulatory complications 
arose after rapid release of cross clamps, I am certain one would have found astonishingly 
high carbon dioxide tensions and acidosis, and probably also low oxygen tension such as 
we have been able to show when we have experimentally used the type of ventilation most 
often used, something that Dr. Gibbon and his group now have shown so beautifully. 


DR. F. D. DODRILL, Detroit, Mich.—If one is to use a by-pass for the thoracic aorta, 
one will occasionally encounter an aneurysm which is low down in the thoracic aorta near the 
diaphragm and, in order to by-pass it, one must go lower in the arterial system. 

(slide) This is a way of by-passing the thoracic aorta in which one removes the blood 
from the left subclavian artery, passes it out through the pump, and puts it back in the 
femoral artery in a retrograde manner. A tube by-pass from the subclavian to the femoral 
arteries had been done before. This is not original with me. We have carried out experi- 
mental work in which we measured the pressure in the lower segment and the upper segment, 
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both, with a simple tube by-pass and with a pump exerting some force on the blood of the 
lower segment. With a simple tube by-pass, with a cannula as large as will go in the sub- 
clavian, and as large as will go in the femoral, the pressures are very low in the lower aortic 
segment and we found that a pressure of 40 to 45 mm. Hg was about as high as it would go. 
If one exerts pumping action on the blood, one can raise the pressure in the lower segment 
to that of the upper segment so that hemodynamically the animal is then in a good physiologic 
state. There are obvious disadvantages to this method; one is, that if one pumps blood for 
very long one must use some heparin, This is not a serious objection. The more serious 
objection is that in most patients, especially if one is dealing with a sclerotic aneurysm, 
there is also plaque formation in the femoral artery and one would not wish to do this type 
of procedure. ‘However, if the femoral artery is reasonably healthy and does not contain 
plaques, one can cannulate it in a retrograde manner and resuture it without serious difficulty. 


DR. J. D. FRYFOGLE, Detroit, Mich.—I would like to tell you about a method of 
arterial anastomosis that is new, is safe, is simple, and avoids complicated shunts and 
hypothermia. 

(slide) We are looking at twin pieces of stainless steel that are held together by a 
simple polythene plastic ring. With the use of these little vessel couples, as we call them, 
we are able to place anywhere in the arterial tree a free graft with a minimum of time, a 
minimum of effort both for the patient and for the surgeon, and to establish a good flow 
of blood. This is also pertinent to the subject. 

(slide) This is how it is done. The couple looks like the upper picture and is held 
together by the plastic ring. You pull the graft to be placed through the little steel device, 
cuff it as you would a Blakemore tube and tie it at the end if you desire to hold it in 
place. Merely insert it as you would the Blakemore tube and put a single suture around it. 
Having made the suture tie at this point, there is then a free flow of blood. It takes 
approximately 45 seconds, with a team that is practiced, to re-establish circulation through 
a single couple. The surgeon can then sew at his leisure. It is a little difficult to demonstrate 
and I wish I had time to present the movies, but you sew in this groove, which can be 
readily felt through two thicknesses of vessel wall, and it is a simple suture that gives pretty 
good closure. It may be necessary to put in a few interrupted sutures when you are through. 
At the conclusion of the suture, cut the tie, cut the plastic ring, the whole couple comes apart 
and an intima-to-intima sutured anastomosis is complete. 

The first couple was devised by Dr. Walter Stenborg in 1951 and was an attempt to 
bridge arterial grafts with venous segments. It did not work because of suturing difficulty. 
When arterial transplants became available, I redesigned the couple, made raises in it 
instead of grooves and it has worked satisfactorily in our laboratory.° 

(slide) These are little things you can do. You can take these little segments of the 
aortic arch and have blood flowing through a coarctation specimen in this length of time. 
You can take the typical Leriche syndrome and have blood flowing in three minutes and five 
seconds. This is a more complicated situation and I have found out many things while 
attempting this anastomosis. There are different sizes and takeoffs in the renal vessels, and 
it is very difficult to get an approach that is satisfactory in order to make this anastomosis. 

(slide) Here is the subject we are talking about and this is the time it takes to get 
blood flowing to the brain. Actually, all the couples are not inserted at one time. You make 
this one (aortic) and this one (innominate) and put a clamp across the graft so that the 
blood is flowing somewhere under three minutes. Move over and put the next couple (carotid) 
in and there is a total blood supply to the brain under this stated time because you still 
allow 45 seconds for this (distal aorta). 

(slide) This is the most important slide of the presentation because it covers the three 
vantage points you must see. When you have an aneurysmal dilatation do not fuss with it; 
you do not want to work over a bump. Once the clamp is put down you can split the sac 
lengthwise and cut the vessel ends, leaving room for the couples. Be very careful to cut 
about two-thirds of the way around. This immediately accomplishes three things. It gets 
rid of the mass, there is room to work and to put the graft in place. Second, it does not 
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allow the vessels to retract away from you, so there is no trouble measuring the length of 
the graft; the graft is already prepared and everything is ready to move by the time the 
initial clamping is made. This fits in with a simple tie around here and the blood is flowing 
somewhere (in this particular case) in a little over two minutes. 

(slide) This is a dog in which I put a graft some three months ago but I was worried 
because I had never seen suture lines after that length of time. This is a suture line which is 
beautifully epithelized. We put a third aorta in this dog and he is still well and happy. 


DR. CHAMBERLAIN (Closing): I feel a little bit like the Southern surgeon who 
reported 500 cases of thyroid disease before one of his societies and a second surgeon reported 
1,000, and a third surgeon reported 2,000. In his closing discussion he said, ‘‘ Well, I’m glad 
to have provided the can opener for this picnic! ’’ ; 

I would like to add one thing: Dr. Crafoord referred to sudden removal of the clamp 
in coaretations and, in my opening statement, I mentioned that there was collateral circula- 
tion in these cases, and I feel quite sure it is relatively safe to release the clamp suddenly in 
accordance with his recommendation of several years ago. In young normal dogs, however, 
there is little collateral circulation. In them, if we clamp the aorta just distal to the dog’s 
left innominate artery for an hour and then suddenly release it, the pressure falls dramatically 
to almost zere and comes back very slowly, so that sometimes it is half an hour before the 
blood pressure returns to about 80 or 90. In old dogs, if we clamp the aortas in a similar 
way and then suddenly release the clamp, we have some of them go immediately into arrest 
or ventricular fibrillation and die. I do not know that the explanation I have given you is 
the entire explanation and, with Professor Crafoord, I must admit that there are probably 
other factors, but I believe in the absence of collateral circulation sudden release of the clamp 
is a hazardous procedure. 

Dr, Fryfogle has a very nice solution to this problem and I am looking forward to 
following his work. If he can clamp the ascending aorta, especially in old patients, for 
three or four minutes successfully, then his solution is superior to the shunt technique. 
Certainly, clamping the ascending aorta and dividing it, as we have done in the dog laboratory 
when we had another objective in mind, was disastrous in a huge majority of the dogs in 
whom the circulation was stopped for more than four to six minutes. Anyone who has had 
occasion to clamp the ascending aorta knows the dramatic response of the left ventricle 
to the sudden terrific head pressure. 


I wish to thank all the discussers for their contributions, 
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‘6 semeoesaienar closure is generally recognized as the treatment of choice for 
patients with an uncomplicated patent ductus arteriosus. Atypical cases 
are now being diagnosed more frequently with the increasing use of cardiac 
catheterization. The syndrome of patency of the ductus arteriosus accompanied 
by elevation of pressure in the pulmonary artery and right ventricle has come 
to be recognized as a distinet entity. The clinical picture has been well described 
in several recent publications.'~° 

The indications for surgical closure of a patent ductus arteriosus associated 
with pulmonary hypertension are not clearly defined. Furthermore, some doubt 
exists as to the results to be expected following operation in these cases. In 
an attempt to clarify some of these points, we have reviewed the reported cases 
of this type in which an operation has been performed and have analyzed 30 
eases of aortic-pulmonary communication and pulmonary hypertension treated 
surgically at the Mayo Clinic. 


REVIEW OF LITERATURE 


Only those reported eases in which pulmonary arterial pressures were re- 
corded have been considered. In addition, every effort was made to determine 
from the records in which cases a reversal of blood flow through the ductus 
was present. The presence of such a right-to-left shunt was well documented 
in some eases but in others the evidence for its existence was only circumstantial. 
The figures given cannot, therefore, be considered as entirely accurate or indeed 
representative, yet they do serve to indicate certain definite trends. They are 
presented in Table I. 

A total of 72 cases of patent ductus arteriosus with pulmonary hypertension 
was included in the review.* * * * 1°86 Thirteen of these patients died, giving 
an over-all mortality rate of 18 per cent. 

For purposes of convenience these cases were broken down arbitrarily ae- 
cording to the level of systolic pulmonary arterial pressure. This division may 

Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic 
Surgery, Atlantic City, N. J., April 24 to 26, 1955. 

The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota. 

*Section of Surgery, Mayo Clinic and Mayo Foundation. 


**Fellow in Medicine, Mayo Clinic and Mayo Foundation. 
***Section of Physiology, Mayo Clinic and Mayo Foundation. 
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TABLE I. CASES OF SURGICALLY TREATED PATENT DucTUS ARTERIOSUS WITH PULMONARY 
HYPERTENSION REPORTED IN THE LITERATURE 








PRESSURE IN PULMONARY ARTERY 
(MM. HG) CASES DEATHS PER CENT 
40-60 24 4 
61-90 22 19 
> 90 26 31 
Total 72 1é 18 
Right-to-left shunt 16 ‘ 56 














have limited clinical significance, since the relation of the pulmonary arterial 
pressure to the systemic pressure and the presence or absence of a right-to-left 
shunt are important features not considered in such a division. 

There were 24 patients whose pulmonary arterial pressure was between 40 
and 60 mm. Hg, systolic. One of these patients died after operation, giving 
a mortality rate of 4 per cent, which is about twice the accepted mortality rate 
for operative closure of uncomplicated patent ductus arteriosus.** 

In a group of 22 patients whose pulmonary arterial pressure was in the 
range of 61 to 90 mm. Hg, systolic, and who were operated on, 4 died, giving a 
mortality rate of 19 per cent. The ductus in 2 of the 22 patients underwent 
recanalization following ligation. 

Twenty-six of the patients operated on had a pulmonary arterial pressure 
of more than 90 mm. Hg. Eight of these patients died, giving a mortality rate 
of 31 per cent. 

Of the total series of 72 patients, there were 16 in whom the presence of a 
right-to-left shunt was suggested from the available data. There were 9 deaths 
in this group of 16 patients, giving a mortality rate of 56 per cent. In 2 of 
the surviving patients, the ductus was only partially closed. Other authors 
have reported unsatisfactory results in the operative management of patients 
with a reversal of blood flow through the ductus.**-*! 

Twenty-five of the 72 patients were studied by cardiac catheterization at 
varying periods following operation. In all but 4, a fall in pulmonary arterial 
pressure was noted subsequent to operation. Furthermore, in 4 patients in 
whom a right-to-left shunt was present preoperatively and who were studied by 
cardiac catheterization following operation, a fall in pulmonary arterial pressure 
was noted. 

Review of the reported cases indicates that surgical closure of a patent 
ductus arteriosus associated with pulmonary hypertension entails a higher risk 
than does closure of an uncomplicated ductus. Fatal hemorrhage from the 
ductus or the pulmonary artery during operation was a major cause of death. 
Another frequent observation, particularly among patients in whom a reversal 
of blood flow through the ductus was demonstrated, was the occurrence of 
either an immediate or a gradual deterioration in the patient’s circulatory 
status followed by death from undemonstrable causes. The data indicate 
further, however, that under certain circumstances patients who survive opera- 
tion exhibit a satisfactory drop in pulmonary arterial pressure. 

The uncertainty that exists regarding the selection of patients with patent 
ductus arteriosus and pulmonary hypertension for operation is evidenced by 








270 


TABLE II. 


ELLIS, KIRKLIN, CALLAHAN, AND WOOD 


J. Thoracic Surg. 
March, 1956 


CLINICAL DATA AND HEMODYNAMIC VARIABLES STUDIED BEFORE, DURING AND Ap ER 






































BEFORE OPERATION pe sa 
)URING OPERATION PRESSURE 
NET SHUNT 
| | PRESSURE oom (MM. HG) B' 
| (MM. HG) PER CENT | sHUNT | BEFORE CLOSURE AFTER CLOSUR® 
| PULMO- PULMO- R-TO-L | PULMO- PULMO- , 
AGE NARY | RADIAL NARY DEMON- | NARY | RADIAL | NARY | RADIAL 
CASE | (YEARS) | SEX | ARTERY | ARTERY FLOW |STRATED||| ARTERY | ARTERY | ARTERY | ARTF cy 
1 13 F 82/42 102/45 70 112/72 120/78 82/46 148/)8- 
2 14 F 94/63 111/54 65 +++ 100/75 102/65 50/357 93,709 
3 24 F 65/41 110/57 64 
4 46 F 62/38 176/58 60 
5 5 F 68/42 97/47 59 
6 59 F 62/30 134/63 57 
7 12 M 106/68 168/63 57 +4++ 113/73 163/94 120/86 158/82 
8* 5 M 90/53 121/52 ao +4++ 
9 42 F 67/34 272/119 40 
10 2§ F 82/53 132/63 oT 
11 21 M 105/78 110/70 oT +++ 
12 59 M 84/47t 90/60 36 +++ 
13 7 F 87/50 111/65 34 
14 25 F 112/66 160/74 32 
15 27 M 61/41 182/70 27 
16 2% mo. M 69/37t 13/35 23 75/45 80/40$ 60/35 108/558 
ay 16 mo. F 118/69+t 112/65 10 95/40 112/47 71/22 135/72 
18 35 F 109/73 115/74 8 +++ 
19 17 F 130/80 133/75 5 +++ 
20 35 M 130/85 133/80 5 +44 
21 7% M 106/76t 100/69 5 cae 109/73 92/66 131/83 79/49 
22 3 M 90/60t  120/70$ 
2: 43, M 86/70t 95/57 +++ 
24 19 mo F 131/70t 108/62 0 th 
25 9 M 71/62t 94/70 
26 45 F 143/78 140/69 0 ttt 
27 21 F 101/62 105/67 0 +44 
28 7 mo. F 74/43t 107/32 85/60 90/70 67/43 110/85 
29 24 F 104/62 127/68 0 +44 ‘ 
30 4 M 89/10tt 





*Aortic-pulmonary septal defect. 
+Studied under anesthesia. 
tRight ventricular pressure. 


§Aortic pressure. 


||Right-to-left shunts undoubtedly 


present at catheterization or were not demonstrated. 
Pressures recorded after profuse hemorrhage. 


the varying opinions that have been expressed. 


were present at some time in other patients but were either 


not 


Thus, it has been stated that 


the presence of pulmonary hypertension is a contraindication to operation,”' 
that patients who exhibit a right-to-left shunt should not undergo operation,*?~** 
and that operation should be undertaken in the presence of a right-to-left shunt 


only if it is less than the left-to-right shunt.?” 4° 


It is hoped that the following 


analysis of data on 30 patients treated surgically at the Mayo Clinic will shed 
further light on this problem. 
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OVsRATION IN 30 CASES OF AORTIC-PULMONARY COMMUNICATION WITH PULMONARY HYPERTENSION 








AFTER OPERATION PRESSURE (MM. HG) 


CLINICAL DATA 








“\ONTHS AFTER | PULMONARY RADIAL ASSOCIATED INTERVAL 
OPERATION ARTERY ARTERY DEFECT (YEARS ) RESULT 
“ie. 45/15 110/60 % Well 
oA Partial paraplegia from 
cross-clamping aorta; 
cardiovascular system 
excellent 
+ 36/13 113/70 Ventricular 1% Well 
septal defect 
3% Minimal dyspnea 
Lost to follow-up 
1% Heart failure controlled 
with digitalis 
4 51/13 134/75 Coaretation 1 Well a 
qd 35/8 83/61 1% Well 
4% 35/16 208/117 1%, Well 
7% 38/13 118/74 Te Well 
10 54/16 129/73 1 Minimal dyspnea 
4% Well 
] Well 
12 89/48 160/74 Atrial septal 14 Well; recanalized 
defect 
5% 33/10 Coaretation 41% Well 
24 Well 
VA Well 
Fatal hemorrhage 
Ventricular 2%, Well 
septal defect 
7% 138/80 179/94 21% Reeanalized; died 
% Died 
17 21/7t 89/62 31% Well 
Coaretation Died immediately postop. 
Coaretation ¥, Well . 
241% 60/25t 110/70 23, Well; recanalized 


Died suddenly 
Fatal hemorrhage 


1% Well 
Died immediately postop. 
Atrial septal 4% Well 


defect 





ANALYSIS OF CASES 


General Considerations.—Two hundred and seventy-one patients with patent 
ductus arteriosus and 1 patient with an aortic-pulmonary septal defect have 
undergone operation at the Mayo Clinic as of April 1, 1955. Of the 272 patients, 
45 had an associated pulmonary hypertension. In 15 eases, the presence of 
pulmonary hypertension was suggested by clinical and operative findings. In 
30 eases, cardiac catheterization carried out before operation demonstrated a 
systolic pulmonary arterial pressure in excess of 60 mm. Hg. This discussion 
will be restricted to an analysis of these 30 cases. Some patients with patent 
ductus arteriosus, pulmonary hypertension, and right-to-left shunt seen at the 


Clinie have not been subjected to operation and are not included in this analysis. 
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Certain clinical data and hemodynamic variables measured before, during, 
and after operation in these 30 patients are summarized in Table II. The 
patients’ ages ranged from 214 months to 59 years, one half of the patients 
being less than 15 years of age. Four patients had an associated coarctation 
of the aorta, 2 had an atrial septal defect, and 2 had a ventricular septal defect. 
The association of patent ductus arteriosus and coarctation of the aorta may 
pose a somewhat different hemodynamic problem from that encountered in 
patients with patent ductus arteriosus alone. For this reason, these 4 cases 
will not be analyzed in detail but will be presented in another report.*® 


Radial a. 
Air - 95% 


('33) 






Fig. 1.—Hemodynamic findings in a case of patent ductus arteriosus and pulmonary 
hypertension with a bidirectional shunt (Case 20). Note oxygen saturation of 95 per cent in 
the radial artery and 91 per cent in the femoral artery while the patient was breathing air. 


For purposes of convenience the patients are listed in order of net left- 
to-right shunts of decreasing magnitude. These net left-to-right shunts were 
calculated on the bases of pulmonary and systemic arterial blood flows. In a 
few eases, sufficient data were not available to caleulate the magnitude of the 
shunt. Pulmonary arterial pressure varied from a low of 61 mm. of Hg systolic 
to a high of 143 mm. Hg, there being 15 patients with systolic pulmonary 
arterial pressures of less than 90 mm. and 15 patients with pressures of 90 mm. 
or more. 

In 14 of these patients a right-to-left shunt was demonstrated. Unques- 
tionably, there were other patients in this series who had a right-to-left shunt 
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at some time but in whom it could not be demonstrated either because it was 
not present at the time of cardiae catheterization or the maneuvers necessary 
for identification were not done. Cases 16 and 17 may fall into this category. 
It should be pointed out further that it is not so much the level of pulmonary 
arterial pressure as it is the relationship between pulmonary arterial pressure 
and systemic pressure in these patients that is of importance. In Case 16, 
the pressure in the pulmonary artery was equivalent to the systemic pressure, 
yet the level of each was relatively low. 

It should be emphasized that simultaneous radial arterial and femoral 
arterial oxygen-saturation values in addition to arterial indicator-dilution 
curves are of great value in demonstrating the presence and magnitude of such 
shunts in these cases. Characteristic hemodynamic findings in a ease of patent 
ductus arteriosus with both a right-to-left and a left-to-right shunt are graph- 
ically portrayed in Fig. 1 (Case 20). The finding of a lower oxygen-saturation 
value in blood from the femoral artery than in blood from the radial artery 
is characteristic. In addition, arterial indicator-dilution curves in this patient 
demonstrated a short appearance time and an abnormal initial deflection charac- 
teristic of a right-to-left shunt. 

Results of Operation.—Mortality and morbidity: Data on the operative 
deaths and late deaths are summarized in Table III. There was a total of 


TABLE III. Morrauity IN 30 CASES OF SURGICALLY TREATED AORTIC-PULMONARY 
COMMUNICATION WITH PULMONARY HYPERTENSION 








OVER-ALL DEATHS 




















rotaL | HOSPITAL DEATHS LATE 
CASES | NUMBER | PER CENT | DEATHS NUMBER | PER CENT 
Left-to-right shunt only 16 0 0 0 0 0 
Right-to-left shunt dem- 14 5 36 2 7 50 
onstrated 
Total 30 5) 17 2 7 23 





five deaths in the hospital, giving a mortality rate of 17 per cent. In addi- 
tion, there were 2 late deaths, giving an over-all mortality rate of 23 per cent. 
Among 16 patients in whom only a left-to-right shunt was demonstrated, there 
were no early or late deaths. In eontrast to this, there were 5 deaths in the 
hospital in the 14 patients in whom a right-to-left shunt was demonstrated. In 
addition, there were 2 late deaths in this group, giving an over-all mortality 
rate of 50 per cent in patients with patent ductus arteriosus and pulmonary 
hypertension in whom a right-to-left shunt was demonstrated. These findings 
serve to re-emphasize the risks that may attend operative closure of a patient 
ductus arteriosus when there is a reversal of blood flow through the ductus. 
Two patients in the group who died in the hospital had a fatal hemorrhage 
from the pulmonary artery during the operative procedure. Two patients 
died immediately after operation after being returned to their room apparently 
in good condition. Another patient died suddenly eight days after operation, 
and a sixth patient died suddenly six months after operation after surviving 
the procedure but failing to improve postoperatively. No obvious cause of 
death was found in the last-mentioned 4 cases. Three of them will be analyzed 
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in greater detail later. A seventh patient in whom a reversal of blood flow 
through the ductus was demonstrated preoperatively was shown by recatheteri- 
zation seven and one-half months after ligation to have arterialization of the 
blood in the pulmonary artery, indicating recanalization of the ductus. This 
patient died two years and four months after operation. 

In addition to the occurrence of 7 deaths, certain complications developed 
in this series of patients with patent ductus arteriosus and pulmonary hyper- 
tension. Serious hemorrhage from the ductus in 1 patient necessitated prolonged 
cross clamping of the aorta. Reversal of blood flow through the ductus was 
demonstrated preoperatively in this patient. The patient survived operation 
but was partially paraplegic as a result of the prolonged period of interruption 
of aortic blood flow. In 3 patients, to 1 of whom reference has already been 
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Fig. 2.—Immediate effects of closure of ductus on aortic and pulmonary arterial pres- 
sure in 7 cases of patent ductus arteriosus with pulmonary hypertension. The cases are 
grouped in order of decreasing preoperative systolic pressures in the pulmonary artery. Note 
that in 2 patients (Cases 7 and 21), there was an immediate rise in pulmonary arterial pres- 
sure and a fall in aortic pressure and that in the other 5 there was an immediate decrease in 
pulmonary arterial pressure and a rise in aortic pressure. 





made, closure of the ductus was carried out by ligation early in the series. At 
postoperative catheterization, arterialization of the blood in the pulmonary 
artery was noted, indicating recanalization of the ductus. 

One patient, aged 59 years, who had a patent ductus arteriosus and pul- 
monary hypertension and in whom no right-to-left shunt was demonstrated re- 
turned in heart failure six months after division of the ductus. Her symptoms 
were well controlled by adequate digitalization. 

Of the 23 surviving patients, then, 1 remains partially paraplegic but in 
excellent status as regards the cardiovascular system, 1 has mild heart failure 
that is well controlled by digitalis, and 1 has been lost to follow-up. Twenty 
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patients are well, including 2 patients in whom there is objective evidence of 
recanalization of the ductus. In 5 of these 20 patients, a right-to-left shunt 
was demonstrated preoperatively. 

Hemodynamic Results—Hemodynamie studies are of value in furnishing 
objective evidence of the patient’s response to operative closure of the abnormal 
aortic-pulmonary communication. Such studies were carried out either during 
or after operation in 17 patients (Table I1). Pulmonary arterial pressure was 
measured on the operating table before and after occlusion of the ductus in 
7 patients (Fig. 2). <A fall in pulmonary arterial pressure and a rise in systemic 
pressure were noted in 5 patients. The significance of these findings will be 
discussed subsequently. 

There were 12 patients whose hearts were recatheterized from four months 
to more than 2 years after operation. A satisfactory drop in pulmonary ar- 
terial pressure was observed in 9 cases. In 3 patients previously referred to, 
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Fig. 3.—Sections of photographic record obtained at cardiac catheterization before and 
eight months after closure of a patent ductus arteriosus in a patient with associated pulmonary 
hypertension (Case 1). The pulmonary arterial pressure, measured postoperatively, is still 
slightly elevated but there has been a substantial decrease toward normal levels. |The pre- 
Operative pulmonary arterial and postoperative radial arterial pressures given in the illustra- 
tion differ slightly from those in Table I but are not inconsistent; the pressure levels recorded 
in Table I are representative of the total, study. 





elevated pulmonary arterial pressure persisted in the presence of a recanalized 
ductus (Cases 14, 20, and 25). In all but 2 of the remaining 8 eases (Cases 
7, and 11), pulmonary arterial pressure returned toward normal range. In 
Cases 7 and 11, there was a drop of about 50 per cent in pulmonary arterial 
pressure, although a normal level was not reached. In both of these cases a 
right-to-left shunt was demonstrated preoperatively. Such a shunt, however, 
does not necessarily preclude a striking drop in pulmonary arterial pressure 
practically to normal levels following closure of the abnormal communication. 
Case 8, in which there was an aortic-pulmonary septal defect, is an example, 
the pulmonary arterial pressure dropping from 90/53 before operation to 
35/8 eleven months after closure of the abnormal opening. A detailed report 
of this ease has already been made.‘ 
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The most striking drop in pulmonary arterial pressure was demonstrated 
in Case 22; the details of this case have been reported previously.*® From a 
preoperative level of 90/60, the pressure in the pulmonary artery fell to 21/7 
seventeen months after division of the ductus. Portions of the catheterization 
records obtained before and after operation in Case 1 are reproduced in Fig. 3. 
From a preoperative level of 82/42, the pulmonary arterial pressure fell to 
45/15 eight months after division of the ductus. 
In 6 patients it was possible to caleulate preoperative and postoperative 
total pulmonary arterial and pulmonary arteriolar resistances (Table IV). 
TABLE IV. PREOPERATIVE AND POSTOPERATIVE DETERMINATIONS OF BLOOD FLOW AND 


PULMONARY VASCULAR RESISTANCE IN Srx CASES OF AORTIC-PULMONARY 
COMMUNICATION WITH PULMONARY HYPERTENSION 








PREOPERATIVE STUDIES POSTOPERATIVE STUDI ES 


























PULMONARY VAS- PULMONARY VAS- 
R-To-L | BLOOD-FLOW INDEX| CULAR RESIST- carpiac | CULAR RESIST- 
SHUNT (L./MIN./M.2) ANCE* (DYNES INDEX ANCE* (DYNES 
AGE DEMON- | PULMO- SYS- SEC, CM.-5) (L./MIN. SEC, CM.-°) 
CASE |(YEARS)| STRATED | NARY TEMIC TPR | PAR / M.2) TPR | PAR 
’ § 12 + 6.7 3.0 860 620 3.5 569 372 
8 5 = 10.7 5.0 630 520 5 Ps 600 340 
9 42 6.8 4.1 860 630 3.9 250 
10 28 5.9 3.7 481 380 5.2 180 128 
11 21 . 2.7 by 1595 1.8 1060 
15 27 2.6 2.4 1520 3.4 225 





*TPR, total pulmonary arterial resistance; PAR, pulmonary arteriolar resistance. 


These data emphasize two factors of importance. Cases 7, 8, and 11 serve to 
re-emphasize the fact that the presence of a_ right-to-left shunt does not 
necessarily indicate a fixed pulmonary vascular resistance and that this resistance 
may be lowered after closure of the abnormal pulmonary-aortie communication. 
Lowering of pulmonary vascular resistance occurred in all 3 patients, although 
normal values were not attained. Case 9 serves to emphasize that age alone 
is not necessarily a factor in determining the response to operation in patients 
with this disease. One of the most striking drops in total pulmonary resistance 
was exhibited by this 42-year-old woman. 

Selection of Patients for Operation.—The results among patients in whom 
only a left-to-right shunt was demonstrated preoperatively, both as regards 
their immediate response to operation and their long-term progress, leave little 
question concerning their proper management. All such patients should be 
advised to have the ductus closed. 


TABLE V. HEMODYNAMICS DATA ON THREE PATIENTS WITH PATENT Ductus ARTERIOSUS 
AND PULMONARY HYPERTENSION WHO DIED POSTOPERATIVELY 




















PRESSURE (MM. HG) | SHUNTS | 
PULMO- L-TO-R PER R-TO-L PER 
AGE NARY RADIAL CENT PULMO- CENT SYS- TPR* (DYNES 
CASE | (YEARS) ARTERY ARTERY NARY FLOW TEMIC FLOW SEC. CM.-5) 
21 7% 106/76 100/69 <5 40 1660 
26 49 143/78 140/69 25 33 1830 
29 24 104/62 127/68 21 30 2140 





*Total pulmonary arterial resistance, 
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The group of patients in whom a right-to-left shunt has been demonstrated 
poses a more difficult problem. Because it may provide some insight into the 
possible selection of patients with right-to-left shunts for operation, data on 
3 of 4 such patients who died after operation and on whom sufficient data were 
available are analyzed in some detail in Table V. In none of the 4 patients was 
there any obvious cause of death, and post-mortem examination, done in 3, failed 
to add further information. The calculated shunts represent bidirectional 
shunt components of pulmonary and systemie arterial blood flow and may 
differ from the net left-to-right shunts in Table II, which represent the per- 
centage by which pulmonary blood flow exceeded systemic blood flow. In all 
3 of these patients, the right-to-left shunt exceeded the left-to-right shunt. 
With the possible exception of 1 ease (Case 7), which has been reported in 
detail elsewhere,*® there are no late survivors after operation in this group of 
patients in whom a predominantly right-to-left shunt was demonstrated. The 
patient in Case 7 also had a coarctation of the aorta, and for this reason may 
present a somewhat different hemodynamie problem. 
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Fig. 4.—Sections of photographic ftecord obtained during operation on a patient with 
patent ductus arteriosus and pulmonary hypertension (Case 1). Note that during temporary 
occlusion of the ductus arteriosus there was an immediate fall in pulmonary arterial pressure 
and a rise in aortic and radial arterial pressures. A few seconds later, when the ductus was 
opened, these pressures returned approximately to their previous levels. 





An undoubtedly related faetor, and one which aids the surgeon in making 
the final decision regarding closure of the ductus, is the hemodynamic response 
to occlusion of the ductus at the time of operation. The response exhibited to 
this maneuver in 7 cases is summarized graphically in Fig. 2. Values for 
pulmonary arterial and systemie arterial pressures before and after closure ot 
the ductus are recorded. <A fall in pulmonary arterial pressure and a rise in 
systemie pressure occurred in all but 2 patients. One patient (Case 21) showed 
a pronounced rise in pulmonary arterial pressure and a fall in systemie pressure 
when the ductus was occluded. He survived operation but died suddenly six 
months later. This case has been reported in detail elsewhere.°° In Case 7 
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the patient showed a similar but less marked response to ductal occlusion. 
This patient has been referred to already as having an associated coarctation. 
The hemodynamie response to ductal occlusion, characteristic of the 5 
patients with patent ductus arteriosus without associated anomalies who were 
studied on the operating table and who survived operation and did well post- 
operatively, consisted of a fall in pulmonary arterial pressure and a rise in 
systemie pressure. Tracings of the hemodynamic response to this maneuver 
exhibited in Case 1 on the operating table are reproduced in Fig. 4. 
These observations indicate that if it can be demonstrated preoperatively 
that the shunt is exelusively right to left or that the right-to-left shunt exceeds 
the left-to-right shunt, surgical closure of the abnormal communication is very 








Fig. 5.—Technique of division of patent ductus involving cross clamping of the aorta with 
patient under hypothermia. 


hazardous. It is at present our opinion that closure should not be done under 
these circumstances. Similarly, if, on the operating table, occlusion of the 
ductus is accompanied by a rise in pulmonary arterial pressure and a fall in 
systemie pressure, operative closure of the ductus is hazardous and may be 
unwise. Patients with this disease who have a predominantly left-to-right shunt 
and who respond to ductal ocelusion by a fall in pulmonary arterial pressure 
and a rise in systemic pressure may be expected to be benefited by operation. 


Operative and Postoperative Management.—Patients with patent ductus 
arteriosus and pulmonary hypertension usually are found at operation to have 
an unusually short and extremely wide ductus. Ligation of such a ductus is 
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unsatisfactory, as demonstrated by the fact that of 7 patients treated by this 
method, recanalization of the ductus was demonstrated in 3. Division of the 
ductus is the only method of closure for which success can be assured. 

Because of the presence of pulmonary hypertension, the pulmonary artery 
of these patients is large, thin-walled, and friable. Alarming hemorrhage ean 
occur with minimal trauma to this vessel. Its wall tolerates the application of 
clamps poorly. For this reason, every effort should be made to avoid placing 
clamps in such a manner as to include a portion of the pulmonary artery in 
their jaws. 

Because of our experience with two instances of fatal hemorrhage from the 
pulmonary artery, the technique of division of the ductus was altered in a 
recent case. The patient was operated on under hypothermia to 28° C. The 
aorta was cross clamped above and below the ductus (Fig. 5). The ductus was 
then clamped at its aortic end, leaving the pulmonary-artery end of the ductus 
and the pulmonary artery undisturbed. The ductus was divided, the cut end 
of the ductus closed with interrupted 5-0 silk sutures, and the opening in the 
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Fig. 6.—Classification of patients with aortic-pulmonary communication and pulmenary hyper- 
tension. 


aorta closed in a similar manner. <A similar technique has been described and 
used by Crafoord and Nylin®' and Jones in certain cases of patent ductus 
arteriosus. Hypothermia was not used by these authors. The lengthened period 
of aortic cross clamping that it will allow adds greatly, we feel, to the ease and 
safety of the operation. 

It has been amply demonstrated that pulmonary vaseular resistance is 
reduced by the inhalation of high concentrations of oxygen.** For these reasons, 
‘ it has been our practice to keep all patients who have had operative closure of 
a patent ductus arteriosus with pulmonary hypertension in an atmosphere ot 
high oxygen concentration for a week to ten days following operation. 


CLASSIFICATION 


This analysis of 30 cases of aortic-pulmonary communication with pulmo- 
nary hypertension treated surgically has led to the classification shown in Fig. 6. 
Separation of patients into the three different categories has certain clinical 
significance since, at the present time, we believe that all patients in Groups A 
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and B should be advised to undergo closure of the ductus. The risks of opera- 
tion for patients in Group C are extremely high, and closure of the ductus in 
these individuals is probably unwise. 


SUMMARY AND CONCLUSIONS 

The reported cases of patent ductus arteriosus with pulmonary hyperten- 
sion have been reviewed. Operative closure of the ductus was attended by a 
mortality rate of 18 per cent. The mortality rate among patients with a right- 
to-left shunt ‘was 56 per cent. 

In 30 eases of aortic-pulmonary communication with pulmonary hyper- 
tension treated surgically at the Mayo Clinie, there were 5 hospital deaths, 
giving a mortality rate of 17 per cent. All the deaths occurred in patients in 
whom a right-to-left shunt by way of the ductus had been demonstrated. 

A satisfactory drop in pulmonary arterial pressure was noted in those 
patients who underwent successful closure of the abnormal communication and 
who were reeatheterized in the postoperative period. This satisfactory response 
included 3 patients in whom a right-to-left shunt was demonstrated preopera- 
tively. 

On the basis of the experience gained in the handling of these patients, 
certain conclusions are justified. Surgical closure of the ductus is hazardous in 
patients in whom there is demonstrated preoperatively a right-to-left shunt that 
exceeds in magnitude the left-to-right shunt. Surgical closure of the ductus is 
hazardous likewise if a rise in pulmonary arterial pressure and a fall in sys- 
temie pressure occur in response to ductal occlusion at the time of operation. 

















REFERENCES 


. Douglas, J. M., Burehell, H. B., Edwards, J. E., Dry, T. J., and Parker, R. L.: Systemic 
Right Ventricle in Patent Ductus Arteriosus: Report of a Case With Obstructive 
Pulmonary Vascular Lesions, Proc. Staff Meet., Mayo Clin. 22: 413-423, 1947. 

2. Burchell, H. B.: Variations in the Clinical and Pathologic Picture of Patent Ductus 
Arteriosus, M. Clin. North America, July, 1948, pp. 911-923. 

3. Novelo, Sergio, Limon, Rodolfo, and Bouchard, Frangois: Un nouveau syndrome avee 
eyanose congénitale: La persistance du canal artériel avee hypertension pulmonaire 
(Abstr.) In: Ier Congrés Mondial de Cardiologie, Communications, Paris, 1950, 
J. B. Bailliére & Fils, pp. 264-265. 

4, Dammann, J. F., Jr., and Sell, C. G. R.: Patent Ductus Arteriosus in the Absence of a 

Continuous Murmur, Circulation 6: 110-124, 1952. 

. Dammann, J. F., Jr., Berthrong, M., and Bing, R. J.: Reverse Ductus: A Presentation 
of the Syndrome of Patency of the Ductus Arteriosus With Pulmonary Hypertension 
and a Shunting of Blood Flow From Pulmonary Artery to Aorta, Bull. Johns Hopkins 
Hosp. 92: 128-150, 1953. 

6. Chavez, I., Cabrera, E., and Limon, R.: La persistencia del conducto arterial complicada 
de hipertension pulmonar, Arch. Inst. cardiol. México. 23: 131-159, 1953. 

7. Hultgren, H., Selzer, A., Purdy, A., Holman, E., and Gerbode, F.: The Syndrome of 
Patent Ductus Arteriosus With Pulmonary Hypertension, Circulation 8: 15-35, 1953. 

8. Lukas, D. S., Araujo, J., and Steinberg, I.: The Syndrome of Patent Ductus Arteriosus 
With Reversal of Flow, Am. J. Med. 17: 298-310, 1954. 

9. Yu, P. N., Lovejoy, F. W., Jr., Joos, H. A., Nye, R. E., Jr., and Beatty, D. C.: Studies 
of Pulmonary Hypertension. V. The Syndrome of Patent Ductus Arteriosus With 
Marked Pulmonary Hypertension, Am. Heart J. 48: 544-561, 1954. 

10. Dexter, Lewis: Venous Catheterization of the Heart. II. Results, Interpretations, and 
Value, Radiology 48: 451-460, 1947. 

11. Dexter, L., Haynes, F. W., Burwell, C. S., Eppinger, E. C., Sosman, M. C., and Evans, 

J. M.: Studies of Congenital Heart Disease. III. Venous Catheterization as a 

Diagnostic Aid in Patent Ductus Arteriosus, Tetralogy of Fallot, Ventricular Septal 

Defect, and Auricular Septal Defect, J. Clin. Invest. 26: 561-576, 1947. 













bo 












ao 























Volume 31 PATENT DUCTUS ARTERIOSUS 281 


Number 3 

12. Cournand, A., Baldwin, J. S, and Himmelstein, A: Cardiac Catheterization in Con- 
genital Heart Disease, New York, 1949, Commonwealth Fund, pp. 59-64. 

13. Griswold, H. E., Bing, R. J., Handelsman, J. C., Campbell, J. A., and LeBrun, E.: 


14. 


26. 


32. 


33. 
34, 


35. 


Physiological Studies in Congenital Heart Disease. VII. Pulmonary Arterial Hyper- 
tension in Congenital Heart Disease, Bull. Johns Hopkins Hosp. 84: 76-88, 1949. 

Bouchard, F., Lason, R. L., and Alvarez, V. R.: Huit cas de persistance du canal artériel 
avee grande hypertension pulmonaire dont quatre avec cyanose (Abstr.) In: ler 
Congrés Mondial de Cardiologie, Communications. Paris, 1950, J. B. Bailliére & Fils, 
op. 271-272. 


. Pritchard, W. H., Brofman, B. L., and Hellerstein, H. K.: Clinical Studies in Reversal 


of Flow in Patent Ductus Arteriosus (Abstr.), J. Lab. & Clin. Med. 36: 974-975, 
1950. 


3. Lason, R. L., Bouchard, F., Alvarez, V. R., Cahen, P., and Novelo, 8.: El caterismo 


intracardiaco. III. Persistencia del conducto arterioso con hallazgos clinicos atipicos. 
Presentacion de 8 casos, 5 de los cuales tenian cianosis. Pruebas de la existencia de 
‘‘shunt’’ invertido y cruzado, Arch, Inst. cardiol. México 20: 147-181, 1950. 


. Johnson, R. E., Wermer, P., Kuschner, M., and Cournand, A.: Intermittent reversal of 


Flow in a Case of Patent Ductus Arteriosus: A Physiologie Study With Autopsy 
Findings, Circulation 1: 1293-1301, 1950. 


. Myers, G. S., Seannell, J. G., Wyman, 8. M., Dimond, E. G., and Hurst, J. W.: Atypical 


Patent Ductus Arteriosus With Absence of the Usual Aortic-pulmonary Pressure 
Gradient and of the Characteristic Murmur, Am. Heart J. 41: 819-833, 1951. 


. Voci, G., Touche, M., and Joly, Fr.: tude hémodynamique de 10 observations de 


persistance isolée du canal artériel, Arch. mal. coeur. 44: 1103-1118, 1951. 


. Johnson, A. L., Ferenez, C., Wiglesworth, F. W., and McRae, D. L.: Coaretation of the 


Aorta Complicated by Patenecy of the Duetus Arteriosus: Physiologic Considerations 
in the Classification of Coarctation of the Aorta, Circulation 4: 242-250, 1951. 


21. Sandblom, Philip, and Ekstrém, Gunnar: Surgical Treatment of Wide Patent Ductus 


Arteriosus, Acta chir. scandinav. 102: 167-152, 1951-1952. 


. Ziegler, R. F.: Importance of Patent Ductus Arteriosus in Infants, Am. Heart J. 43: 


23. Bothwell, T. H., Van Lingen, B., Whidborne, J., Kaye, J., MeGregor, M., and Elliott, 


G. A,: Patent Ductus Arteriosus With Partial Reversal of the Shunt: <A Study of 
2 Cases, Am. Heart J. 44: 360-371, 1952. 


. Adams, F. H.: Pulmonary Hypertension in Children Due to Congenital Heart Disease, J. 


Pediat. 40: 42-48, 1952. 


. Storstein, O., Humerfelt, S., Miiller, O., and Rasmussen, H.: Studies in Catheterization 


of the Heart in Cases of Patent Ductus Arteriosus Botalli, Acta med. seandinav. 141: 
419-432, 1952. 

Chavez, I., Espino Vela, J., Limén, R., and Dorbecker, N.: Patent Ductus Arteriosus. 
Study of 200 Cases. VII. Internat. Congress of Pediatry (Havana, 1953), Mexico, 
D.F., Instituto N. de Cardiologia de Mexico, 1953, pp. 45-97. 


. Holman, E., Gerbode, F., and Purdy, A.: The Patent Ductus: A Review of Seventy-five 


Cases With Surgical Treatment Including an Aneurysm of the Ductus and One of 
the Pulmonary Artery, J. THorRAciIc Sure. 25: 111-139, 1953. 


. Aitken, G.: Patent Ductus Arteriosus: A Distinctive Syndrome Associated With a Wide 


Short Duct, Brit. Heart J. 15: 463, 1953. 


. Kattus, A. A., and Muller, W. H., Jr.: Patent Ductus Arteriosus With Reversal of 


Blood Flow: Report of a Suecessful Surgical Closure and Physiologie Studies, 
Ann. Surg. 138: 870-879, 1953. 


. Adams, Paul, Jr., Adams, F. H., Vareo, R. L., Dammann, J. F., Jr., and Muller, W. H.: 


Diagnosis and Treatment of Patent Ductus Arteriosus in Infancy, Pediatrics 12: 
664-673, 1953. 


. Ferrer, M. I., and Harvey, R. M.: The Etiology of Secondary Pulmonary Hypertension 
’ ’ @ Pe rn @ ° if , 


Bull. New York Acad. Med. 30: 208-220, 1954. 

Mathey, J., Nouaille, J., Vernant, P., Oustriéres, O., and Bouchard, F.: &tude hémo- 
dynamique per-opératoire de trois cas de canal artériel avec hypertension pulmonaire, 
Arch. mal. coeur. 47: 304-314, 1954. 

Smith, G.: Patent Ductus Arteriosus With Pulmonary Hypertension and Reversed Shunt, 
Brit. Heart J. 16: 233-240, 1954. 

Braun, K., Milwidsky, H., Izak, G., and Schor, S.: Pulmonary Hypertension in Patent 
Ductus Arteriosus Relieved by Surgery, Angiology 5: 329-338, 1954. 

Shephard, R. J.: Pulmonary Arterial Pressure in Acyanotic Congenital Heart Disease, 
Brit. Heart J. 16: 361-374, 1954. 


. Gordon, A. J., Donoso, E., Kuhn, L. A., Ravitch, M. M., and Himmelstein, A.: Patent 


Ductus Arteriosus With Reversal of Flow, New England J. Med. 251: 923-927, 1954. 


. Gross, R. E., and Longino, L. A.: The Patent Ductus Arteriosus: Observations From 


412 Surgically Treated Cases, Circulation 3: 125-137, 1951. 











989 ELLIS, KIRKLIN, CALLAHAN, AND WOOD J. _—— : 


38. Swan, H., Trapnell, J. M., and Denst, J.: Congenital Mitral Stenosis and Systemic 
Right Ventricle With Associated Pulmonary Vascular Changes Frustrating Surgical 
Repair of Patent Ductus Arteriosus and Coarctation of the Aorta, Am. Heart J. 38: 
914-1923, 1949. 

Cosh, J. A.: Patent Ductus Arteriosus With Pulmonary Hypertension, Brit. Heart J. 15: 
423-429, 1953. 

Sapin, 8. 0.: Patent Ductus Arteriosus With Reversal of Shunt, Tr. Am. Coll. Cardiol. 3: 


39. 


40. 


—) 


41. 


_ 


Mustard, W. T., and Sirek, A.: Present Status of Cardiovascular Surgery in Infancy 
and Childhood, S. Clin. North America, Aug., 1954, pp. 903-910. 

42. Campbell, M., and Hudson, R.: Patent Ductus Arteriosus With Reversed Shunt Due to 
Pulmonary Hypertension, Guy’s Hosp. Rep. 100: 26-44, 1951. 

43. Taussig, Helen B.: Diagnosis and Management of Common Malformations of the Heart, 
Cireulation 6: 930-940, 1952. 

44. Seott, H. W., Jr.: Surgical Treatment of Patent Ductus Arteriosus in Childhood, 8. Clin. 
North America, Oct., 1952, pp. 1299-1312. 

45. De Camp, D. T.: Discussion of Holman, Gerbode, and Purdy.?7 

46. Cooley, J. C., Kirklin, J. W., and Clagett, O. T.: The Surgical Management of Coarctation 
of the Aorta Associated With Patent Ductus Arteriosus. Unpublished data. 

47. Fletcher, G., DuShane, J. W., Kirklin, J. W., and Wood, E. H.: Aortic-pulmonary Septal 
Defect: Report of a Case With Surgical Division Along With Successful Resuscita- 
tion From Ventricular Fibrillation, Proc. Staff Meet., Mayo Clin. 29: 285-292, 1954. 

48. Silver, A. W., Kirklin, J. W., Ellis, F. H., Jr., and Wood, E. H.: Regression of Pulmonary 
Hypertension After Closure of Patent Ductus Arteriosus, Proc. Staff Meet., Mayo 
Clin. 29: 293-300, 1954. 

49. Shepherd, J. T., Callahan, J. A., DuShane, J. W., Kirklin, J. W., and Wood, E. H.: 
Coaretation of the Aorta With Patent Duectus Arteriosus Opening at the Coarctation, 
Am. Heart J. 50: 225, 1955. 

50. Shepherd, J. T., Wiedman, W. H., Burke, E. C., and Wood, E. H.: Hemodynamics in 
Patent Ductus Arteriosus Without a Murmur, Circulation 11: 404-410, 1955. 

51. Crafoord, C., and Nylin, G.: Congenital Coaretation of the Aorta and Its Surgical 
Treatment, J. THorRAcICc SuraG. 14: 347-361, 1945. 

52. Jones, J. C.: The Surgery of Patent Ductus Arteriosus, Ann. Surg. 180: 174-185, 1949. 

53. Burchell, H. B., Swan, H. J. C., and Wood, E. H.: Demonstration of Differential Effects 

on Pulmonary and Systemic Arterial Pressure by Variation in Oxygen Content of 

Inspired Air in Patients With Patent Ductus Arteriosus and Pulmonary Hypertension, 

Circulation 8: 681-694, 1953. 


DISCUSSION 

DR. FRANK GERBODE, San Francisco, Calif.—I should like to congratulate Dr. Ellis 
on this presentation and on the excellent manner in which this material was put together. 
We are in complete agreement with his conclusions; I believe we had reached them, however, 
before we got into as much operative difficulty as he did in some of his cases. We have 
encountered at least 20 instances of pulmonary hypertension associated with ductus in 
approximately 200 patients with patent ductus who were operated upon at Stanford University 
Hospitals. There were 5 cases among the 20 with what we call a balanced ductus, in which 
the pressures on the systemic and pulmonary circulations were about the same. In these cases 
sometimes the shunt was right to left, and in others left to right. One patient had a definite 
reversed ductus. We have had two cases of reversed ductus in association with coarctation, 
both of which have been cured by excision and aortic suture. We operated upon these 20 
patients without mortality and I would like to show some slides to illustrate the types 
of cases involved. 

(slide) This represents the type in 14 instances in which there was high pulmonary 
artery pressure, but in which the pressure fell when the ductus was closed. In this instance 
probably the pulmonary hypertension was related mostly to flow; that is, the amount of blood 
passing from the systemic to the pulmonary circulation. These patients had excellent 
recoveries. In quite a few instances lung biopsies showed no changes in the pulmonary 
vessels, in others definite thickening was found. This is an illustration of the balanced ductus 
in which we believe that sometimes the flow is from right to left, sometimes from left to 
right. This boy, as with these other patients, had only a systolic murmur. There is a 
systolic murmur in these patients because the flow usually is not continuous during diastole. 
They do frequently have a Graham Steell murmur. At the moment the aortic saturation 
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was taken in this instance it was 87 per cent. We divided this ductus, as we did the other 
five, and no difficulties were encountered. However, this patient and several others have 
continued to have a Graham Steell murmur and a loud P., and I believe that perhaps in 
the future we may see some of these patients coming back to us with so-called primary 
pulmonary hypertension. 

(slide) Here is another type of balanced ductus in an adult, again a situation in which 
the pressures on the two sides were the same. This woman has gone on to almost complete 
recovery despite the fact that she had advanced pulmonary arteriosclerosis. 

(slide) Here is a reversed ductus in a girl who has had considerable cardiac difficulty. 
As you can see, in the operating room with the ductus exposed and shut temporarily, the 
pulmonary artery pressure rose considerably. In fact, the pulmonary artery got extremely 
tense and we feared it might rupture even while it was temporarily occluded. We have 
always made a practice of observing the change in pulmonary artery pressure with the ductus 
temporarily occluded in instances of associated pulmonary hypertension. This is essential to 
determine whether or not it is safe to close the ductus. If the pressure falls it is safe to go 
ahead. If it rises above that in the aorta it is unwise to close the ductus. 

(slide) This shows the clinical findings in these patients; clubbing and cyanosis of the 
toes, and normal-appearing fingers. This may or may not be present depending upon the 
permanence and the degree of reversal of flow. 


DR. F. MASON SONES, Jr., Cleveland, Ohio.—Since 1950, we have encountered 30 
patients with severe pulmonary hypertension due to the presence of patent ductus arteriosus. 
None of these patients has shown the continuous murmur clinically associated with. this lesion, 
beeause of the consistent presence of a diastolic pressure in the pulmonary artery equivalent 
to, or within, 10 mm. of the diastolic pressure in the systemic circuit. Eighteen of them 
were infants less than 2 years of age; 12 were adults. 

(slide) This is the typical x-ray appearance of a very large patent ductus arteriosus 
in an infant. It is clinically impossible to distinguish this lesion from a large intraventricular 
septal defect. 

(slide) We have routinely been able to catheterize such ducti. As a matter of fact, 
at the time of heart catheterization it is invariably easier to get into the ductus and demon- 
strate it anatomically than it is to catheterize the left pumonary artery. This is a common 
diagnostic problem in the infantile group. Systolic pressure in the pulmonary artery is 
significantly lower than that in the aorta, but the diastolic pressure gradient is quite small; 
hence, no continuous murmur. In this age group there is invariably a pure and rather large 
left-to-right shunt. In the adult group much has been said about shunt reversal. We would 
agree entirely with Dr. Ellis that the crux of the whole matter depends upon whether or 
not there is a predominant left-to-right shunt, or a predominant right-to-left shunt. In all 
sases in which the shunt is predominantly left to right, even though there may be significant 
arterial oxygen unsaturation in the aorta below the ductus, we think it is possible to close 
the ductus, and that no physiologic contraindication to operation exists. 

(slide) From the anatomic standpoint, however, the surgeon very frequently encounters 
a situation much like this: An extremely short ductus with dilated, sclerotic vessels under 
extremely high pressure, so that the usual anterior approach with direct attack on the ductus 
is technically quite hazardous. 

The simple expedient of radial arteriotomy has been utilized with great success in 
lowering both systemic and pulmonary artery blood pressure for periods of from thirty to 
sixty minutes without the development of any arrhythmia, any cardiac complications, and 
without the necessity for clamping the aorta. This is accomplished in adults by the removal 
of between 500 and 750 c.c. of whole blood from the artery. The process is quickly. reversible 
at any moment you wish to do it. The sclerotic vessels actually become smaller, and soften 
up so that they may be easily and safely mobilized. Of course, a posterolateral approach is 
used with complete mobilization of the aorta above and below the ductus before any direct 
attempt to immobilize the ductus is made. It has been possible by the use of this technique 
to divide eleven ducti in patients with systemic pulmonary hypertension without immediate 
or late fatality. 
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DR. ELTON WATKINS, Jr., Boston, Mass.—I would like to congratulate Dr. 
Ellis, Dr. Kirklin, and Dr. Wood on their excellent presentation, including the very care- 
ful physiologic analysis. I felt much better when I saw a slide showing values for 
pulmonary resistance, in view of the present confusion in the literature between “pul- 
monary hypertension” and pulmonary vascular resistance. 

Concerning this problem, our experience at the Children’s Hospital closely parallels 
theirs. We have the feeling that, with reverse flow through the ductus, operation is 
definitely not indicated, and that surgery is hazardous with close balancing of the pul- 
monary and systemic pressures. There is good likelihood that, with the development of 
pulmonary vascular obstruction, one disease process has been exchanged for another. In 
place of a ductus defect producing large shunts and increased pulmonary blood flow, we 
now have pulmonary vascular disease as the major process, and the value of dividing the 
ductus in such an instance is going to be determined by long-range observations which 
demonstrate that the pulmonary vascular obstruction is reversible after the shunt is 
eliminated. It is difficult to visualize how obliteration of a smal! shunt of a few cubic 
centimeters will influence the pulmonary vascular process, but it may occur. 

So far as the technique of operation goes, we have had good experience lately (in 
the rare case with an enormous ductus (using the method described by Dr. Freeman of 
San Francisco, and by Dr. Conklin, of applying a Potts-Smith-Gibson anastomosis clamp 
to the side of the aorta at the ductus. We have altered their procedure (in patients with- 
out pulmonary vascular disease) by opening the pericardium and applying occluding clamps 
to the left pulmonary artery, thereby achieving complete diversion of the ductus area 
without blocking aortic flow. This permits easy division and suture of the ductus, We 
have not had experience with arteriotomy, nor have we found it necessary to use the short- 
acting autonomic blocking agents, which should achieve the same result as arteriotomy 
witheut any tubes or bottles. 


DR. H. BRODIE STEPHENS, San Francisco, Calif.—There are a few points I should 
like to bring up for discussion that Dr. Ellis has probably covered in the manuscript but 
could not mention today because of lack of time. 

I believe the age of the patient may have a considerable bearing upon whether or 
not the ductus can be divided. I rather believe that pulmonary hypertension develops early 
in life when the shunt through the ductus amounts to a large volume flow. The pulmonary 
hypertension may actually be a protective mechanism to reduce the large volume shunt. 
Division of the ductus early in life may always be possible, assuming that reversal of 
flow through the ductus is a rare phenomenon under the age of 3 years. 

In addition, the presence of associated cardiac septal defect has a significant bearing 
on the presence of pulmonary hypertension and I am anxious to know what percentage of 
Dr. Ellis’ group had an associated septal defect (particularly those studied at necropsy). 

A word with regard to operative management; I believe it is important immediately 
to mobilize the aortic arch prior to carrying out any dissection in the region of the 
ductus when pulmonary hypertension is present. By such procedure one has control of 
the aortic side of the ductus should arrest occur in this structure during its mobilization. 
It is my practice to clamp the aorta proximal and distal to the ductus after the manner 
of Crafoord. The ductus is sutured closed as it is divided; this provides improved ex- 
posure of the more posterior aspect of the lumen of the ductus and, in addition, lessens 
the actual time to accomplish the closure. 


DR. HARRIS B, SHUMACKER, Jr., Indianapolis, Ind.—This paper which Dr. Ellis 
and his colleagues have presented certainly will go a long way toward answering many 
problems which we have all faced and wondered about. We have treated 47 cases of 
proved pulmonary hypertension of some degree by division of the patent ductus. If we 
eliminate 3 cases of aortic pulmonary fistula and 8 cases of patent ductus with ventricular 
septal defect (and I may say that in that particular group our results have been very 
bad indeed) there remain 36 cases. Of these, only 5 had systemic pressures in the pul- 
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monary artery. Of the 21 with pressures less than systemic, all stcod division of the 
ductus well but 1 died of cardiac arrest during bronchoscopy carried out because of 
atelectasis some time after operation. In those with systemic pressure we had 1 death 
which I feel quite confident was due to a technical error and should have been prevented. 
One patient was catheterized a little over three and one-half years after division of the 
ductus. Before operation this child had a pulmonary artery pressure of approximately 100; 
three and one-half years later it was a little over 30. 

We have used both Arfonad and hexamethonium bromide to produce hypotension with 
considerable satisfaction, and I believe that this maneuver is of considerable help, par- 
ticularly in eases with marked pulmonary hypertension. 


DR. ELLIS (Closing).—I should like to thank the discussers for their remarks, and 
to compliment Dr. Gerbode on having avoided some of the pitfalls into which we fell 
early in our experience with this disease. 

Associated cardiovascular defects were present in 8 patients. Four of these patients 
had coarctation of the aorta in association with patency of the ductus arteriosus. The 
condition of these patients may present a somewhat different hemodynamic situation, and 
they have not been considered in detail here. They will be presented later as a separate 
group. In addition, there were 2 patients with ventricular septal defects, and 2 with 
atrial septal defects, 

One half of the patients were in the pediatric age group, and we have considered 
that early operation is advisable for these young patients. I do not think, however, that 
the fact that a patient is an adult means that he will not survive operation and do well. 
In fact, one of the most striking decreases in pulmonary arteriolar resistance to follow 
an operation occurred in a 42-year-old patient. 

Our experience with hypotension as an aid to surgical intervention has been pri- 
marily unintentional. By that I mean that hypotension has, on occasion, been brought 
about as a result of hemorrhage during the operative procedure. In those cases I could 
not see that it helped us particularly. 

I should like to conelude by re-emphasizing the fact that the mere presence of a 
right-to-left shunt is not a contraindication to operation. It is only by careful measure- 
ment of the magnitude of these shunts that a decision regarding the advisability of closure 
of the ductus can be made. When the right-to-left shunt exceeds the left-to-right shunt, 
closure of the ductus is hazardous and probably should not be carried out. Closure of the 
duetus in patients who have a predominantly left-to-right shunt is accompanied by an 
increased risk, for reasons already mentioned, but if closure can be carried out success- 
fully, it should result in clinical improvement for the patient. 
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ITH the ever increasing use of mass x-ray techniques in industrial plants, 

schools, prisons, and hospitals and with their use on large segments of 
the population by means of mobile x-ray units, ‘‘coin lesions’’ of the lung are 
being found more frequently. Among the more rare causes of such lesions, one 
must consider pulmonary arteriovenous fistulas. These fistulas may be small 
and asymptomatic, as in the two cases presented, or may be large and markedly 
disabling, and even cause death from hemorrhage, thromboses, or subacute 
bacterial endarteritis. 

Although Churton,' in 1897, reported an autopsy in which seven heman- 
giomas of the lung were found, and Wilkens,” in 1918, reported the case of a 
23-year-old woman who died of pulmonary hemorrhage and in whom three 
pulmonary arteriovenous fistulas were found at the post-mortem examination, 
it was not until the last decade that the medical profession seemed aware of the 
frequency and possible symptomatic nature of these lesions. It was further 
brought to their attention by the report of Rodes,’ in 1938, of a case in which 
three congenital pulmonary arteriovenous shunts caused polycythemia, dis- 
ability, and finally death from hemorrhage. The cause of polycythemia was 
not realized, however, until the post-mortem examination, when it was linked 
to the intrapulmonary vascular fistulas. In 1939, Smith and Horton‘ reported 
the first ease in which a diagnosis of arteriovenous fistula of the lung was 
made clinically on the basis of polyeythemia and the chest x-ray findings, In 
1942, Hepburn and Dauphinee® wrote an article describing a case in which a 
clinical diagnosis was made and in which a pneumonectomy was carried out 
by Shenstone, thus representing the first surgical cure of this lesion. During 
the past ten years, about one hundred cases of pulmonary arteriovenous 
fistulas have been reported in the world literature and of these nearly forty 
cases have been treated surgically. Goldman® has mentioned three reports of 
pulmonary arteriovenous fistulas present in siblings, including one of his own. 
To these reports we should like to add another in which the vascular anomaly 
was present in sisters, one of whom was treated surgically. 

These pulmonary vascular lesions have at various times been called cavern- 
ous hemangiomas, congenital arteriovenous varices, multiple pulmonary he- 
mangiomas, pulmonary arteriovenous aneurysms, and arteriovenous fistulas 
of the lung. The latter designation seems most proper since the communica- 
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tion between the artery and vein is usually quite direct with no capillary bed 
between, and it also implies the frequent symptomatic nature of these anoma- 
lies. Pulmonary arteriovenous fistula is being rapidly adopted as the correct 
terminology by the medical profession. 

Both of our eases were diagnosed by means of x-ray planography tech- 
nique which was done following the detection of the lesions:on the routine 
posteroanterior chest x-rays. In the case operated upon there was a vague 
rounded density, approximately 3 em. in diameter, superimposed on the 
anterior portion of the right second rib. Planograms showed the lesion to be 
at the 8 to 9 em. level and a vaseular marking was seen extending outward 
from the hilum to the inferior border of this density. The sister who refused 
surgery presented a rounded density, approximately 2 em. in diameter, in the 
left upper lung field and another similar rounded density of the same size in 
the right lower lung field. Planography revealed a round density in the left 
upper lobe at the 714 to 10 em. level with an afferent and efferent vessel and 
another density in the right lower lobe at the 5 to 7 em. level with several 
vessels entering this lesion. The vascular markings extending into each of 
these densities as revealed by planography made certain the diagnosis of some 
kind of vascular lesion. 

Further x-ray evidence probably could have been secured by means of 
fluoroscopy which would have shown the increased pulsations of the hilar 
structures on the side of the lesion and the pulsations of the lesions them- 
selves. Kymographie studies might also have shown the pulsations in the 
lesions. X-rays taken with the patient performing the Miiller and Valsalva 
maneuvers might have shown the change in the size of the lesions as the 
intrathoracic pressure is increased or decreased. Such additional evidence is 
said to be present in about 50 per cent of instances. Angiocardiography is a 
valuable procedure for demonstrating multiple lesions not disclosed by other 
techniques and should be recommended before surgical treatment is instituted 
in order to prevent overlooking small lesions which would enlarge later as 
did happen in at least two reported cases.” 


CASE REPORT 


History.—A 53-year-old widow entered Episcopal Hospital on Feb, 11, 1954, com- 
plaining of sharp right upper quadrant pain which radiated around the costal margin to 
the back, accompanied by nausea and vomiting of two days’ duration. The first such 
episode had occurred 6 weeks previously, and there were several interval attacks. She 
had no fever or jaundice. She had had an intolerance to fried and fatty foods for several 
years. 

The patient stated that she had had moderate dyspnea on exertion for the past five 
years, She was obliged to give up some of her housework, being unable to climb more 
than one flight of stairs without resting. She had had no ankle edema, palpitations, liver 
tenderness, or nocturnal dyspnea. She had had almost daily nosebleeds all of her life, but 
did not consider this serious in so far as her sister, mother, and many aunts, uncles, and 
cousins also had had such a history of epistaxis throughout their lives, She had had one 
operation five years previously for a pilonidal cyst. 

Physical Examination.—The patient was a slightly obese, middle-aged white woman 
in no apparent discomfort, Her temperature was 99° F, orally. The blood pressure was 
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Fig. 1. 








Fig. 2. 


Fig. 1.—Admission chest x-ray (C. S.) showing rounded density in the right upper lung 
field. 

Fig. 2.—Planogram (C. §S.) demonstrating the vessel entering the previously noted 
density. 
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100/65, the pulse was 80 per minute, and the respirations were 20 per minute. The lips 
and ears revealed a mild cyanosis, There was some ulceration and crust formation over 
the anterior nasal septum bilaterally. The neck was normal. The heart sounds were of 
good quality with a regular rhythm. No murmurs were present. The chest expanded 
equally bilaterally and both lungs were clear to auscultation and percussion. No rales or 
bruit were heard. The breasts were normal. The abdomen was obese and soft. There was 
tenderness to deep palpation in the right upper quadrant. The liver edge was one finger- 
breadth below the costal margin. No masses were felt. The pelvic and rectal examina- 
tions were negative. The extremities demonstrated no telangiectases or varicosities, but 
there was moderate clubbing of the fingers and the nail beds were slightly cyanotic, The 
admission diagnoses were cholecystitis with cholelithiasis and possible congenital vascular 
defect. 

Laboratory Examinations.—On admission, the red cell count was 4.7 million, the 
hemoglobin was 15.3 Gm., the hematocrit was 47, and the white cell count was 6,250 with 
69 per cent polymorphonuclear cells of which 63 per cent were segmented, 27 per cent 
lymphocytes, and 4 per cent monocytes. The prothrombin time was 100 per cent of 
normal, The bleeding time was 1 minute and 30 seconds. The coagulation time was 4 
minutes and 25 seconds. The platelet count was 171,600. The urinalysis was normal. 
The Kline and Kahn tests were negative. The blood sugar was 91 mg. per cent and the 
blood urea nitrogen was 15 mg. per cent. The total protein was 6.1 Gm, per cent with an 
albumin of 3.8 Gm. per cent and aglobulin of 2.3 Gm. per cent. The blood calcium was 
10.2 mg. per cent. 

A white cell count repeated on Feb. 26, 1954, or two days before cholecystectomy, 
was 14,100 with 84 per cent polymorphonuclear cells of which only 54 per cent were seg- 
mented. The hemoglobin at this time was 15.7 Gm. and the red cell count was 5.09 
million. Arterial oxygen saturation was not done. 

X-ray Examinations—The admission chest x-ray showed a rounded vague radiopacity 
3 em, in diameter in the right hemithorax superimposed on the second anterior rib (Fig. 1). 
Planography was advised to determine the nature of this opacity. Planography revealed 
a density in the right upper lobe at the 8 to 9 em. level with a vascular marking extending 
from its inferior border to the hilum, This suggested the possibility of an arteriovenous 
fistula (Fig. 2). A flat x-ray film of the abdomen revealed vague densities in the right 
upper quadrant possibly representing calculi and some enlargement of the liver. Oral 
cholecystography was carried out and nonvisualization of the gall bladder resulted. No 
radiopaque calculi were seen, 

Hospital Course—The patient had been admitted to the medical service and was 
studied there for gall bladder disease and possible vascular disease. The capillary 
fragility test revealed 40 petechiae in a 1 inch square when the blood pressure cuff was 
kept above diastolic pressure for 20 minutes. A gastrointestinal series to rule out hiatal 
hernia was negative. An electrocardiogram gave no evidence of myocardial infarction. 
After consultation with the Thoracic Surgery Service regarding the pulmonary lesion 
demonstrated by x-ray, it was decided to proceed with gall bladder surgery initially. The 
patient was then transferred to the General Surgical Service where a cholecystectomy and 
exploration of the dilated common bile duct were carried out on Feb. 17, 1954, The 
pathological report on the removed specimen was cholecystitis with cholelithiasis. The 
patient had an uneventful postoperative course and was transferred to the Thoracic 
Surgery Service on March 11, 1954. Exploratory thoracotomy was performed on March 
16, 1954. 

At operation a rounded 2 em, bluish mass was seen projecting from the lateral 
surface of the lateral segment of the right middle lobe. Blood could be seen swirling 
within this bluish mass and a mild thrill could be felt over its surface. This blood flow 
ceased and the tumor collapsed when the artery to the lateral segment of the middle lobe 
was occluded. The arteries and veins entering the right middle lobe were about three 
times normal size and there were several large tributary veins entering at the hilum of 
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the middle lobe which made dissection tedious. It was believed that there must also be 
an arteriovenous fistula in the medial segment of the middle lobe since the arteries and 
veins entering this segment were also markedly enlarged and a large vein coursed over 
the inferior surface of this segment. Attention was then directed to the right upper lobe 
since the opacity seen by x-ray seemed to lie within the anterior segment of this lobe. 
The vessels entering this segment were two or three times normal size while the vessels 
to the other segments were of normal size. Pressure over the anterior segment artery 
made the veins collapse and so it was assumed that an arteriovenous fistula lay within 
the segment. The artery to this segment of the upper lobe was merely ligated without 
removing the segment so that pulmonary tissue might be spared. The right middle lobe 
was removed by the individual ligation technique. 


Fig. 3. 





Fig. 3.—Right middle lobe injected with Lipiodol. Hemostat is in the bronchus, 
catheter in the artery, and needle in the vein. The longer needle indicates the subserosal vas- 
cular sac from which some dye has escaped. Three arteriovenous fistulas are seen in this 
injected specimen (C. S.). 


The microscopic slides of the arteries and veins of the removed right middle lobe 
showed nothing unusual. The bluish mass on the lateral segment was a thin-walled 
venous sac, The specimen was injected with Lipiodol and x-rays were taken (Fig. 3). 
The injected specimen showed two direct arteriovenous shunts in the medial segment of 
the right middle lobe and one in the lateral segment which entered the superficial thin- 
walled vascular sac. 

The patient had an uneventful postoperative course except for a low-grade fever. 
The chest drainage tubes were removed on the fourth postoperative day. Fluid accumula- 
tion necessitated a thoracentesis on one occasion, The sutures were removed on the 
seventh postoperative day and the patient was discharged to her home on the tenth post- 
operative day. The discharge chest x-ray showed no remaining radiopacity in the lung 
fields and the mild cyanosis seen on admission had disappeared. 














Fig.. 5. 


Fig. 4.—A follow-up chest x-ray (C. S.) two and one-half months after the first operation 
reveals a density in the same location as previously noted in the right upper lung 
field, 

Fig. 5.—Pulmonary angiogram (C. S.) revealed the density to be a remaining arterio- 
venous fistula. 
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When seen on a follow-up examination on May 7, 1954, an opacity was again noted 
in the right upper lobe by x-ray (Fig. 4). In order to determine if this was the arterio- 
venous fistula which had been ligated but not removed at the first operation, a pulmonary 
angiogram was performed on July 7, 1954. This showed a large arteriovenous fistula to 
be present still in the anterior segment of the right upper lobe (Fig. 5). This was pre- 
sumed to be the same fistula in which the vessels were ligated at the first operation, 


Second Hospital Admission—The patient re-entered the hospital for excision of the 
remaining arteriovenous fistula, and on July 17, 1954, the anterior segment of the right 
upper lobe was removed. This segment was connected by many vascular channels to the 
parietal pleura and the adjacent segments, and a thrill could be felt over the segment. 
The removed segment was injected with Lipiodol and an x-ray was taken. It showed a 
dilated vascular sac which almost completely filled the segment (Fig. 6). The five veins 
which drained the sac are not seen, since in order to fill the sac with the radiopaque 
material, they had to be ligated. 





Fig. 6. Fig. 7. 


Fig. 6.—Lipiodol injection of the anterior of the anterior segment of the right upper 
lobe reveals it to be almost completely replaced by the sac of a large arteriovenous 
fistula (C. S.). 

Fig. 7.—A postoperative pulmonary angiogram (C. S.) reveals no remaining arteriovenous 
fistulas. The haziness over the lower right lung field is due to pleural thickening in that 
area, 


A repeat pulmonary angiogram was done ten days after the second operation. This 
did not show any remaining arteriovenous fistulas (Fig. 7). Pleural thickening gives a 
slight haze over the lateral aspect of the right lung field. 

The patient is now doing her own housework and exhibits no cyanosis. Her hemo- 
globin and red cell count are within normal limits. 

Knowing the hereditary nature of arteriovenous fistulas of the lung and having 
obtained a history of epistaxis in many other members of the family, it was decided to 
obtain a chest x-ray of as many members of the family as possible who lived in this 
area. <A sister, a brother, and two cousins were x-rayed. The chest x-ray of the brother 
was negative and he had no clubbing of the fingers, no telangiectases of the skin or 
mucous membranes, and no history of epistaxis, One female cousin had telangiectases 
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over the abdomen, but no history of epistaxis and no clubbing of the fingers. Her chest 
x-ray was negative. Another male cousin gave a history of frequent episodes of epistaxis 
since childhood but his chest x-ray was negative. One sister of the patient had a history 
of frequent nosebleeds since earliest childhood. She had moderate clubbing of the fingers, 
mild cyanosis, and telangiectases of the lips. Her chest film revealed a rounded density 
in the upper left and lower right lung fields, each about 2 cm, in diameter (Fig. 8). Plano 





Fig. 8.—The chest x-ray of the patient’s sister (M. S.) reveals densities in the left upper lung 
field and right lower lung field. 





Fig. 9.—Planograms (M. S.) shows vessels entering directly from the hilum into each of the 
densities. 

grams showed vessels entering each of these lesions (Fig. 9). She denied dyspnea on 

exertion but actually seldom exerted herself, probably because of her known limitations. 

She was advised to have surgical excision of these lesions because of the dangers of their 

enlargement with possible hemorrhage, thromboses, or subacute bacterial endarteritis. 

She has refused operative intervention, 
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COMMENT 


Pulmonary arteriovenous fistula is, in nearly all instances, a manifestation 
of hereditary hemorrhagic telangiectasia. Hereditary hemorrhagic telangiectasia, 
or Rendu-Osler-Weber disease, is an interesting congenital vascular anomaly 
which is transmitted as a simple dominant. It is not sex-linked, although some 
have felt that it is more common in females than males. The manner in which 
it has passed through three generations in this family is shown in Fig. 10. The 
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Fig. 10.—Genealogy of the patient’s family. 


telangiectases are usually seen on the skin of the face and neck and on the buccal 
and nasopharyngeal mucous membranes. Epistaxis is the most common symptom 
but often does not appear before the age of puberty. The lesion is funda- 
mentally a congenital defect of development of the terminal loops of the 
capillaries with hemorrhage due to the fragility of the small vessels. The 
coagulation time, bleeding time, platelet count, and fragility tests are all 
normal. There may be telangiectases in any of the abdominal viscera, the 
lungs, the mucous membranes of the gastrointestinal, respiratory, or genito- 
urinary tracts, and even the brain or spinal cord. Hemorrhage from these 
telangiectases may give epistaxis, hematemesis, hemoptysis, melena, hematuria, 
or meningeal irritation. Hemorrhage into some vital organ or exsanguinating 




















era PULMONARY ARTERIOVENOUS FISTULAS IN SISTERS 995 
hemorrhage may be the cause of the patient’s death. Sudden death in infancy 
in two of the patient’s siblings could have been due to internal hemorrhage, 
although there was no outward manifestation of bleeding and the deaths were 
not observed by a physician. 

Wells* has written of the possible overlap of hereditary hemorrhagic 
telangiectasia, hereditary familial vascular purpura, and pseudohemophilia in 
a very small proportion of cases. We believe that both hereditary hemor- 
rhagie telangiectasia and hereditary familial vascular purpura are present in 
our two patients since they both have visible telangiectases as evidence of the 
former and a positive tourniquet test and increased capillary fragility as evi- 
dence of the latter. Pseudohemophilia, which causes an increased bleeding 
time and deficient contractility of the clot, is not present. 

The altered physiology caused by a pulmonary arteriovenous fistula differs 
in some fundamental aspects from such a fistula in the systemic circulation. 
Maier, Himmelstein and co-workers’ have brought these differences to the 
attention of the medical profession and their clinical investigations have been 
corroborated by the studies of Takaro, Essex, and Burchell’? who created 
artificial direct fistulas between the pulmonary arteries and veins in dogs. 
In both peripheral arteriovenous fistulas and pulmonary arteriovenous fistulas 
the total blood volume is increased, but in the pulmonary arteriovenous fistulas 
the total plasma volume is not increased as in the systemic form. There is 
thus a much greater increase in the red cell mass in the pulmonary type with- 
out a concomitant increase in plasma volume. This results in a great increase 
in the blood viscosity and there is a greater tendency toward the formation 
of thromboses in the pulmonary type. The hematocrit, therefore, is also 
greatly increased in the large symptomatic pulmonary arteriovenous fistulas, 
whereas it is normal in systemic arteriovenous fistulas. Oxygen saturation 
is normal in the systemic form while it is decreased to about 70 per cent in the 
pulmonary form, thus accounting for the cyanosis with even small pulmonary 
shunts. The absence of cyanosis in the face of a vascular shunt seen in the 
lung fields by x-ray would probably mean a shunt between the bronchial 
arterial system and the pulmonary veins, since the bronchial arteries have no 
connection with the pulmonary arteries, but both drain into the pulmonary 
veins. Cardiac output is normal in the pulmonary shunts, but it is increased in 
the systemic type. The cardiae enlargement seen in the systemic fistulas does 
not oceur with pulmonary fistulas. Thus, one may summarize the physiological 
changes of a pulmonary arteriovenous fistula by stating that it increases 
the red cell mass only and has little or no effect on cardiae output and eardiae 
dynamics, while the peripheral arteriovenous fistula increases all the elements 
of the blood volume proportionately and causes an increased cardiae output 
and dilatation of the heart. 


The polycythemia is marked in large pulmonary fistulas and leads to 
increased viscosity of the blood and thromboses. The cerebral anoxia and 
cerebral thromboses cause symptoms of headache, vertigo, convulsions, and 
even paresis. An aunt of the patient had a history of epistaxis almost daily 
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and telangiectases of the face, neck, nose, and mouth. She developed head- 
aches and dizziness. At another hospital she was explored for a possible brain 
tumor and died of intracerebral hemorrhage following the evacuation of a 
cerebral clot. The chest x-ray findings in this case are not reported. 


Subacute bacterial endarteritis is another possible complication of pul- 
monary arteriovenous fistulas. This was present in the ease reported by 
Maier, Himmelstein and associates’ and resulted in a brain abscess in the 
cases reported by Wodehouse, and by Stern and Naffziger.'1| A cousin of our 
patient, the daughter of the patient mentioned previously who had died of 
cerebral hemorrhage, died of an intracerebral abscess at 22 years of age in 
another hospital. She had had a history of daily nosebleeds and had telangiec- 
tases of the nasal and bueeal mucosa. She was admitted, suspected of having 
a brain tumor but died while studies were being carried out. Autopsy revealed 
a right frontoparietal abscess. 

Some cases of polycythemia vera could be mistaken for a pulmonary 
arteriovenous fistula. The differential points here would be the following 
findings in polycythemia vera: an enlarged spleen, the absence of clubbing 
of the fingers, the elevated white cell count with immature white cells prominent, 
and an arterial oxygen saturation which is normal or nearly so. There may be 
vague densities in the lung fields with polycythemia vera but these are not 
constant as in the case of a pulmonary arteriovenous fistula. The white cell 
count, maturity of the white cells and spleen are all normal with a pulmonary 
fistula but the oxygen saturation is about 70 per cent. 

It is interesting that, in spite of the four large direct shunts found in our 
ease at operation, she exhibited only mild cyanosis and had hardly any elevation 
of the hemoglobin, red cell count, or hematocrit. Perhaps her almost daily 
epistaxis was a factor in the lower than expected red cell mass. The patient 
stated that as a child her mother kept a pail in the kitchen for the many 
handkerchiefs used for the episodes of epistaxis by her mother, her sister, and 
herself. These handkerchiefs were washed out daily in large numbers. Goldman 
as well as Glenn, Harrison, and Steinberg’ have described cases in which the 
hemoglobin and hematocrit were not elevated. The low red cell mass in these 
cases was attributed to the recurrent epistaxis or other causes of anemia. 
30th our patient who was operated upon and her sister had mild cyanosis. 
When the red cell count is normal a shunt of 25 to 30 per cent of the blood 
volume is necessary in order to give cyanosis. Neither of our patients demon- 
strated the continuous purring murmur, with accentuation at cardiae systole 
and with deep inspiration, heard over the periphery of the lung in about 50 
per cent of the recorded cases. 

Another possible source of confusion in the differential diagnosis is con- 
genital heart disease. Any heart lesion producing cyanosis, clubbing, and 
polyeythemia must be serious and would give cardiac murmurs and changes 
in the cardiac outline by x-ray. In pulmonary arteriovenous fistulas the heart 
is normal by auscultation and x-ray. The arm-to-tongue circulation time is 
actually decreased because of the pulmonary shunt and one may get peripheral 
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manifestations of the ether injected for the arm-to-lung test, such as tingling 
in the face and scalp, because the ether goes through the pulmonary shunt 
without being vaporized entirely in the lung eapillary bed which normally 
oceurs.** 

SUMMARY 


The fourth report of pulmonary arteriovenous fistulas appearing in siblings 
has been given, and another case has been added to the growing number of re- 
ported arteriovenous fistulas of the lung which have been treated surgiealiy. 
The sister of the patient operated upon was shown also to have pulmonary 
arteriovenous fistulas but she has refused operative intervention. Both women 
were members of a family in which Rendu-Osler-Weber disease was known to 
be present for at least three generations. The physiologic changes caused by 
pulmonary arteriovenous fistulas and their differential diagnosis have been 
discussed. 
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THE TREATMENT OF METASTATIC PULMONARY MALIGNANCY 
CHARLES R. Ketuy, M.D., AND Hiram T. LAaneston, M.D. 
CuicaGo, ILL. 


IGNIFICANT advances in all phases of surgical management during the 

past few decades have gradually allowed the surgeon to re-evaluate a num- 
ber of conditions previously considered therapeutically unapproachable. No- 
where is this trend more evident than in the field of neoplastic disease, where 
reduction in operative mortality, together with the development of increasingly 
adequate methods of dealing with the primary malignancy and its local exten- 
sion, has led to the accumulation of a steadily growing number of patients in 
whom the primary lesion has been controlled, but who present metastatic growth 
elsewhere in the body. It was inevitable that this situation should result in at- 
tempts at direct attack, aimed at eradicating these secondary lesions by proce- 
dures which, although certainly feasible from a technical standpoint, were ap- 
proached originally with a certain sense of desperation. The acceptance of 
these procedures as rational and effective therapy has undoubtedly lent impetus 
to the consideration of direct attack on metastatic disease of the lung. Formerly 
considered evidence of a surely fatal prognosis, secondary pulmonary malig- 
nancy, in the light of the experience of the past two decades, can be shown to 
be controllable in a small but significant number of patients. 

Seiler,’ in 1949, in a comprehensive review, presented data on 62 such eases, 
including 10 of his own, with follow-up periods ranging from one month to 
eighteen years. During the discussion following this paper, 12 additional cases 
were contributed by Van Hazel,®* Waterman,® and Lambert,* with six more cases 
being added by the Mayo Group. Further reports were made by Ehrenhaft,* and 
by Hilton and associates,® in 1951, and by Mannix,’ in 1953. A total of 91 cases 
are therefore available from the literature. 

In reviewing our own experience at the Hines Veterans Administration 
Hospital, a total of 22 patients were found who had been explored for supposed 
metastatic lesions. Eighteen of these lesions were proved microscopically to be 
definite metastases (Table I), while the remaining 4 patients were shown to 
have definite or highly probable primary pulmonary malignancies (Table IT). 
These latter cases will be discussed separately. Thus, there are at present 109 
known instances of pulmonary resection for metastatic lesions. Of these patients, 
82 have been followed for two years or longer, of whom 63 have died, giving a 
two-year survival without recurrence of 19 (23.2 per cent). 


From the Surgical Service, the Hines Veterans Administration Hospital, Hines, Illinois, 
and the Department of Surgery, University of Illinois College of Medicine, 
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TABLE II. SECOND PRIMARY PULMONARY MALIGNANCIES 








INTERVAL 
BETWEEN SURVIVAL 


(MONTHS ) 








PRIMARIES Oe 
CASE ORIGINAL PRIMARY | (MONTHS) SECOND PRIMARY OPERATION | LIVING | DEAD 
19 Squamous-cell 15 Right upper lobe Inoperable 2 
carcinoma 
Larynx 
20 Adenocarcinoma 34 Left lower lobe Pneumonee- 4 
Colon tomy 
21 Epidermoid 0 Superior segment Pneumonec- 8 
carcinoma left lower lobe tomy 
Kidney-pelvis 
22 Adenocarcinoma 0 Right upper and Bilobectomy 0 
Stomach middle lobes 





It is our purpose in this presentation to emphasize the fact that in patients 
in whom there is reasonable evidence that a primary malignancy has been con- 
trolled, the presence of a discrete pulmonary lesion is an absolute indication 
for thoracotomy. Not only is there a fair chance of controlling the metastatic 
lesions, but the real possibility that a second primary pulmonary malignancy 
may coexist is ever present. The first point for consideration in this group is, 
then, the present status of the primary lesion. Obviously, to the patient with 
local persistence of disease, or with metastases in other organs, excision of the 
pulmonary lesion offers no real benefit. Indiscriminate exploration, even in the 
face of a hopeless prognosis, then becomes senseless mutilation. Unfortunately, 
the only eriteria presently available for evaluating the operability of these 
patients are those obvious factors which are immediately apparent on consider- 
ing the subject. We can only hope that as further experience is accumulated, 
more specific factors may appear, allowing a more realistic selection. In spite 
of this, and especially in view of the significant survival figures shown above, 
we believe that adherence to the following criteria will prove rewarding. 


CRITERIA FOR EXPLORATION 


Control of the Primary.—In any such ease coming to exploration, it must 
first of all be established beyond reasonable doubt that the original cancer has 
been eradicated. Tumors of the extremities, breast, oral cavity, and the like, by 
their location, lend themselves to easier evaluation. Where any doubt may 
exist they are readily accessible to biopsy. Alexander and Haight! report 
biopsying the primary site because of induration and ulceration following radia- 
tion therapy in a man who had had a fibrosareoma of the thigh locally excised 
twenty-one months previously. This patient is known to have survived beyond 
eleven years following lobectomy. Abdominal cancer on the other hand must 
be evaluated by less tangible factors. The type and grade of malignancy, to- 
gether with the findings at the original operation and the type of primary treat- 
ment used must all be considered. Ideally, a sufficient time interval should 
have elapsed between the primary treatment and the appearance of metastases 
to form some judgment on the basis of the expected course of the tumor in 
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question. Unfortunately, metastases are frequently present at the time the 
primary growth is first diagnosed, or shortly thereafter, and the decision must 
then, of necessity, be made on less satisfactory evidence. 


Absence of Other Metastases.—A careful examination should be undertaken 
to determine the presence of other metastases. This should include especially 
the regional lymphatics, central nervous system, skeleton, and any other areas 
for which the primary has a known predilection. While metastases in two dif- 
ferent locations materially worsen the prognosis, even this situation may be 
amenable to surgical intervention in rare instances. Effler and Blades*® report 
a ease in which a lobectomy for carcinoma, metastatic from the sigmoid, was 
followed five months later by the removal of an intracranial metastasis. This 
patient was alive and well one and one-half years following the pulmonary re- 
section. 

Accessibility to Resection.—The ideal lesion for resection is a single, dis- 
crete metastasis confined to one lobe or segment. The presence of more wide- 
spread pulmonary involvement does not of itself contraindicate exploration, 
provided the patient has sufficient pulmonary reserve to withstand more exten- 
sive resection. On the other hand, the presence of recurrent laryngeal or 
phrenic nerve involvement, pleural effusion, or direct extension to the chest 
wall, usually signifies unresectibility and these should generally be considered 
as contraindications to exploration. While the uncomfortable possibility that 
other small undetectable metastases may coexist is ever present, this risk must 
be accepted where the other factors indicate a good chance of success. In this 
connection, the use of chest laminography is extremely useful in demonstrating 
metastases which may not be apparent on conventional chest films. 

Type of Primary Tumor.—Analysis of the 109 reported cases reveals that 
65 were carcinomas and 38 were sarcomas. In 6 cases, the primary was either 
unknown or not stated. , On the other hand, among the 19 patients who survived 
two years or longer, there were 8 carcinomas and 11 sarcomas. In view of the 
normal preponderance of primary carcinoma over sarcoma, these figures indi- 
cate that localized, accessible metastases occur more frequently in the sarcoma- 
tous group. Also, the two-year survival figures showing a greater number of 
sareomas despite a smaller original group indicate a more favorable prognosis. 
However, the small number of cases in this series probably does not allow tumor 
type to be used as an adequate criterion. 

The following ease illustrates the ideal situation in which the primary has 
been well and adequately dealt with, and a solitary pulmonary metastasis, which 
is surgically accessible, represents the only remnant of disease. Admittedly, the 
incidence of such eases is low, yet the evidence that a good result is obtainable 
imposes the obligation to evaluate all possible cases for surgical intervention. 

CaAsE 1.—F. H., a 66-year-old man, was first admitted to Hines Hospital on Sept. 14, 1942, 
with a diagnosis of rectal tumor. Biopsy revealed an adenocarcinoma, and on Sept. 21, 1942, 
an abdominoperineal resection was performed with an uncomplicated postoperative course. 


He was readmitted in August, 1944, with complaints of melena and upper abdominal pain. 
Gastrointestinal x-rays revealed a duodenal ulcer and on medical management there was 
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prompt disappearance of symptoms. There was no evidence of local recurrence of the rectal 
malignancy; however, a rounded, discrete mass, felt to represent a metastasis, was noted in 
the left lower lobe (Fig. 1, 4). At this time, he was transferred to another institution for 
domiciliary care. He was again readmitted on April 17, 1946, because of intermittent bouts 
of diarrhea, a complaint which subsided promptly with dietary adjustment. Chest x-ray at 
that time showed the lesion in the left lower lobe to have increased considerably in size (Fig. 
1, B and C). Since he had then passed three and a half years without evidence of local 
recurrence, and the pulmonary lesion, if metastatic, was possibly the sole residual of the 





C. 


ko 
Fig. 1.—Case 1. 


A, Chest x-ray in August, 1944. A discrete lesion is seen in the left lower lobe just 
above the diaphragm. 


B, Chest x-ray, April, 1946. The lesion has progressed. 
C, Chest x-ray in lateral view showing the lesion to be in the lower lobe. 
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On April 30, 1946, a 


disease, it was decided that an attempt at removal should be made. 
The 


left lower lobectomy was performed with an entirely uneventful postoperative course. 
histologic sections confirmed the diagnosis of metastatic rectal adenocarcinoma (Fig. 1, D and 
E). He was then returned to domiciliary care, where he died on August 29, 1951, having 
survived five and a half years following the removal of the metastatic lesion and nearly nine 
years (eight years and eleven months) following his primary surgery. Autopsy revealed 
death to be due to a caseating tuberculous pneumonia and carcinoma of the tail of the pan- 
creas with liver metastases, 
D. 


. 





Fig. 1 (Cont’d). 

_ Ds Photomicrograph in primary tumor of the rectum, showing a rather typical adeno- 
carcinoma. 

E, Photomicrograph of the pulmoaary lesion shows a less well-differentiated tumor but 
the preservation of the rather typical pattern confirms its metastatic nature. 


SECOND PRIMARY LESIONS 


Hood and co-workers,® in a recent review of a large group of solitary, c¢ir- 
ecumseribed pulmonary masses, showed an incidence of 42 per cent malignancy 
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in nonealcified lesions, and emphasized the importance of exploration in all 
such cases. One may reason from these statistics and from the increasing inci- 
dence of pulmonary carcinoma in recent years, that even in patients with a 
prior history of malignant disease a circumscribed pulmonary lesion will, in a 
certain percentage, represent a primary tumor of lung. That the percentage 
of these second primaries may actually be significantly high became apparent to 
us in reviewing our material. Our original group of patients explored for sup- 
posed pulmonary metastases numbered 22. Of these, only 18 lesions could be 


A; B. 





C. D. 


Fig. 2.—Case 2. 

A, Chest x-ray of September, 1950, showing a small lesion in the left fourth anterior 
interspace. 

B, Chest x-ray of October, 1951, showing progression of the lesion. It is now very 
plainly seen. 

C, Chest x-ray of June, 1952, showing further progression. 

D, Chest x-ray in lateral view of C. 
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Photomicrograph of the original tumor in the 
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Section of liver showing a metastatic lesion identical to the pulmonary tumor. 
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definitely established as metastatic. Of the remaining 4 cases, 3 are well sub- 
stantiated as primary pulmonary lesions, while the remaining case, by its elini- 
eal course and histologic picture, is far more likely to be primary than secondary. 
This is an incidence of 18.2 per cent primary lesions in our series (Table IIT). 
We are herewith reporting these 4 cases in detail. 


TABLE III. ALL PULMONARY LESIONS 














METASTATIC LESIONS SECONDARY PRIMARY LESIONS 
TOTAL CASES NUMBER PER CENT NUMBER | PER CENT 
22 18 81.8 + 18.2 











CASE 2.—W. C., a 58-year-old man, was readmitted on June 4, 1952, with complaint of 
a chronie productive cough of several months’ duration. He had been previously hospitalized, 
in 1948, at which time a right hemicolectomy was performed for adenocarcinoma of the ascend- 





A, B. 
Fig. 3.—Case 3. 
A, Retrograde pyelogram. A filling defect is neted in the left renal pelvis. 
B, Chest x-ray reveals a discrete lesion partially overlying the left fourth anterior rib. 


ing colon (Fig. 2, ZH). He then remained asymptomatic until shortly before his second ad- 
mission. Chest film of May 20, 1952, revealed the presence of a discrete mass in the periphery 
of the left lower lung field. Review of past films showed the lesion to have been first visible 
one year and nine months previously, although unidentified at that time (Fig. 2, A, B, C, 
and D). On June 26, 1952, a left pneumonectomy was carried out, and the histologic sec- 
tions showed an undifferentiated bronchogenic carcinoma (Fig. 2, F). He died on Oct. 18, 
1952. An autopsy revealed the cause of death to be massive liver metastases from the bron- 
chogenie carcinoma (Fig. 2, G@). No evidence of remaining adenocarcinoma could be found. 


CASE 3.—C. P., a 56-year-old white man, was admitted to the hospital on March 19, 
1951, in cardiac decompensation with a history of a chronic cough and progressive dyspnea of 
two weeks’ duration. At the time of admission, he was acutely ill, requiring nasal oxygen 
and rapid digitalization. He responded rather rapidly, however, and by the end of one week 
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the heart was well compensated. Chest x-ray at that time showed a rounded 3 em. mass in the 
superior segment of the left lower lobe (Fig. 3, B). Blood chemistry, sputum examination, 
and bronchoscopy were nonrevealing ; however, an intravenous pyelogram demonstrated a filling 
defect in the left renal pelvis, a finding which was confirmed by retrograde pyelography (Fig. 
3, 4). Left nephrectomy was performed on May 11, 1951, confirming the diagnosis of 
papillary carcinoma of the renal pelvis (Fig. 3, C). In the belief that the pulmonary lesion 


C. 











Fig. 3. (Cont’d). 

C, Photomicrograph of the renal tumor. The papillary nature of the lesion is demon- 
strated. 

D, Photomicrograph of pulmonary lesion. 


represented an isolated, synchronous metastasis, a wedge resection of the mass was accom- 
plished at thoracotomy on June 4, 1951. The tumor was immediately sent for frozen section 
examination. The pathologist reported that the lesion, although an epidermoid carcinoma, 
failed to resemble the renal lesion in degree of differentiation, or in architecture, and was 
most likely of bronchial origin, an opinion subsequently confirmed by the permanent sections 
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(Fig. 3, 4). On the basis of this finding, the patient was returned to surgery five days 
later, and a left pneumonectomy was performed. The patient made an uneventful recovery, 
but succumbed eight months later in congestive heart failure, without clinical evidence of 
recurrence of either malignancy. Even though the possibility that these two lesions represent 
a primary renal tumor and a synchronous pulmonary metastasis cannot be contested with 
finality, the opinion of the reviewing boards designated the pulmonary lesion as being dis- 
tinct from the renal lesion. On the basis of the considered opinion, this patient is listed as 
harboring two distinct carcinomas. 


B, C. 





Fig. 4.—Case 4. 
A, Chest x-ray of April, 1951, shows a small lesion overlying the right fourth anterior 
rib. The changes seen in this film were apparently interpreted as being due to pulmonary 
tuberculosis. Sputum studies were negative. 
B, Chest x-ray of September, 1951, shows progression of the pulmonary lesion, 
C, Chest x-ray in lateral view of B, 
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Fig. 4. (Cont’d). 

D, Photomicrograph of gastric lesion showing typical adenocarcinoma. 

E, Photomicrograph of pulmonary lesion showing broad sheets of pleomorphic epithelial 
cells. No gland formation is seen. 


F, Section of right adrenal showing extensive infiltration by tumor cells similar to 
those seen in the pulmonary neoplasm. 
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Fig. 5.—Case 5. 
A, Larynx, gross specimen. Fungating lesion of both vocal cords is demonstrated. 
B, Chest x-ray reveals a discrete peripheral lesion in the right upper lobe. 

C, Chest x-ray in lateral view of B. 
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Case 4.—P. S., a 55-year-old man, was readmitted to Hines Hospital on Aug. 21, 1951, 
with the complaint of persistent aching pain in the right posterior chest of two weeks’ dura- 
tion. He had been discharged from the hospital two months previously following a subtotal 
gastric resection for adenocarcinoma of the antrum (Fig. 4, D). Chest x-ray of April 24, 
1951 (Fig. 4, 4), prior to the gastric surgery, revealed scarring and fibrosis compatible with 
an old tuberculous process in the right apex. A small triangular density noted laterally at 





Fig. 5. (Cont’d). 

_D, Photomicrograph of a section of laryngeal lesion showing a typical squamous-cell 
carcinoma. 

E, Photomicrograph of pulmonary tumor, showing again a typical squamous-cell car- 
cinoma. 


the level of the right fourth anterior rib was felt to represent a reactivation of the tubercu- 
losis. Sputum smears and cultures were, however, negative on this admission. Chest film 
taken at the time of readmission showed marked increase in the size of this lesion, a rounded 
discrete density measuring 4.5 cm. in diameter now being visible in the base of the right 
upper lobe (Fig. 4, B and C). In the belief that this represented a metastatic lesion, a 
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right thoracotomy was carried out on Sept. 28, 1951. The lesion was found to cross the 
fissure involving the middle lobe and had extended into the chest wall at the level of the 
third and fourth lateral interspaces. A right upper and middle lobectomy were performed 
with considerable difficulty due to extensive vascular adhesions to the mediastinum and 
parietal pleura. Persistent oozing from these surfaces was encountered throughout the pro- 
cedure which required four and a half hours for completion. Re-exploration was performed 
six hours later because of continuing hemorrhage, but proved futile, and the patient died four 
hours later. Histologic study of the pulmonary lesion showed a very anaplastic tumor made 
up of closely packed sheets of polyhedral cells, without any attempt at gland formation (Fig. 
4, E). At autopsy no local persistence of either gastric or pulmonary lesion could be found. 
There was, however, almost complete replacement of the right adrenal by an undifferentiated 
tumor similar to that found in the lung, a circumstance which supported the diagnosis of 
bronchogenic carcinoma (Fig. 4, F). 


Case 5.—F. L., a 44-year-old man, was first admitted to Hines Hospital on July 20, 
1953, with a diagnosis of tumor of the larynx. Past history revealed the onset of chronic 
cough and hoarseness fifteen months prior to admission. Direct laryngoscopy and biopsy were 
sarried out a short time later and a diagnosis of carcinoma of the left true cord was made. 
He then received deep radiation therapy, consisting of 35 treatments (the factors of which 
are unknown) with complete subsidence of symptoms and disappearance of the lesion. Three 
months later, however, there was a recurrence of the tumor which was then treated by radium 
for a total of forty-one hours, again with good subjective and objective improvement. Five 
months before admission to Hines, a second recurrence appeared, and on his first examination 
here a fungating lesion was found involving both true cords with supraglottic and infraglottic 
extension. A total laryngectomy was performed on Aug. 13, 1953, without difficulty (Fig. 
5, 4). There was no evidence of extralaryngeal extension and the cervical nodes were free 
of involvement by gross and microscopic examinations. A preoperative chest x-ray on this 
patient had demonstrated a discrete lesion involving the right upper lobe of the lung (Fig. 
5, B and C). Consideration of this lesion had been deferred until the laryngeal surgery 
could be accomplished. On Sept. 16, 1953, an exploratory thoracotomy was performed. A 
hard mass, rather centrally placed, was found in the right upper lobe. There was extension 
of tumor along the upper lobe bronchus to the tracheobronchial angle, with massive metastatic 
lymphadenopathy in the region of the superior pulmonary vein and posteriorly along the 
esophagus. The lesion was not resectable, and the chest was closed after biopsy. Histologic 
study showed both the laryngeal and pulmonary tumors to be squamous cell in origin and to 
be comparable in differentiation (Fig. 5, D and E). It was felt, however, that the absence 
of cervical lymph node involvement, the usual site of metastases from the laryngeal tumor, 
together with the finding of massive mediastinal and hilar lymph node ifvolvement, undoubtedly 
secondary to the pulmonary lesion, supported the diagnosis of separate primary tumors. 


DISCUSSION 

It has long been known and accepted that, in most instances, the nature 
of a localized or rounded intrapulmonary density cannot be determined except 
by histopathologic section. When this cireumstance occurs in an individual 
who has harbored or does at that time harbor a known neoplasm of malignant 
mien, the probability that the pulmonary lesion is likewise a neoplasm is un- 
doubtedly increased. The inclination has been to consider the pulmonary lesion 
as representing a metastatic deposit from the original neoplasm because the 
lungs form such a predilect site for the deposition of such lesions. 

The increased incidence of bronchogenic carcinoma, particularly in the male 
sex (our series is composed entirely of men), highlights the possibility that a 
second neoplasm occurring in a man would be of such nature. Even though 
metastatic lesions to the lung may lodge in such manner as to involve the 
bronchus, the classical roentgen picture is, however, that of a discrete paren- 
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echymal shadow. It is that select group that has interested us. Thus, we have 
interested ourselves only in the possible incidence of a bronchogenic carcinoma 
occurring under circumstances that would be most confused with a metastatic 
pulmonary lesion. There is no available means of determining whether such a 
lung lesion represents a metastasis or a new tumor, and at times this is so 
even when both lesions are subjected to microscopic examination because bron- 
chogenie carcinoma ean resemble tumors arising in other organs. From a c¢lin- 
ical standpoint, to be able to decide this issue accurately would be very gratify- 
ing because it is suggested in our experience (Case 1) that metastatic tumors 
may remain localized for a reasonably long period of time even though the pos- 
sibility of producing daughter metastases must be considered. If advantage 
were taken of such time, greater assurance might be had concerning the solitary 
nature of the metastatic involvement as well as further observations concerning 





Fig. 6.—Case 6. 
A, Chest x-ray reveals a discrete lesion overlying the right second anterior rib. 
B, Chest x-ray in lateral view of A. 


the degree of control at the primary site, thereby avoiding some futile opera- 
tion. On the other hand, we are hesitant to take this time for observation be- 
‘ause there is no such ‘‘period of grace’’ in the event the lung lesion represents 
a second primary carcinoma. This is clearly illustrated in Case 2. 

We, thus, are left with no alternative but to be bold in attacking diserete 
pulmonary densities under such circumstances. The following case serves to 
emphasize this point, since from a number of aspects the probability of a new 
pulmonary growth was suggested, vet the tumor proved to be metastatic. 

CasE 6.—J. R., a 66-year-old man, was admitted on Oct. 8, 19538, for repair of a ventral 
hernia which had been present since 1945 when he underwent an anterior resection of the 
colon for obstructing carcinoma. Since this surgery, the patient had been followed at inter- 
vals of six months and had shown no evidence of recurrence. Physical examination was 
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entirely negative except for a large, left-sided incisional hernia. A chest x-ray, however, 
showed a discrete lesion in the right upper lobe (Fig. 6, 4 and B). Because of the long 
tumor-free interval, the absence of other metastases, and slight prominence of the upper 
portion of the right hilum, a tentative diagnosis of bronchogenic carcinoma was made. Bron- 


choscopy was nonrevealing. On Oct. 23, 19538, a right thoracotomy was performed. The 
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Fig. 6. (Cont’d). 
C, Photomicrograph of the colon lesion showing a typical adenocarcinoma of the 
, sigmoid. 

D, Photomicrograph of the pulmonary lesion. This shows a less well differentiated tumor 
when compared to the primary in the colon but the rather characteristic gland formation 
denotes its colonic origin. 











tumor was centrally located, the hilum was free from any involvement and a right upper 
lobectomy was accomplished without difficulty. Histologic sections then established the lesion 
as being unmistakably metastatic in origin (Fig. 6, C and D). 
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SUMMARY 


The presence of pulmonary metastases should not be considered necessarily 
indicative of a fatal prognosis. The surgical excision of metastatic malignancy 
of the lung has been shown to be technically feasible and productive of a signifi- 
cant group of long-term survivors in selected cases. All such patients should 
be carefully evaluated, and where the primary lesion can be shown to be well 
controlled, and no other metastases can be found, thoracotomy and excision of 
the metastatic lesions are indicated. It must also be realized that the mere 
history of former malignancy, in the presence of a pulmonary lesion, does not 
necessarily indicate the latter’s metastatic nature, because in a significant num- 
ber of cases such a pulmonary lesion actually is a second primary tumor. The 
differentiation between these two situations is clinically very difficult, if not im- 
possible. Even though failing occasionally, histologic study of these lesions re- 
mains the only reasonably satisfactory approach to the question. In the final 
analysis, however, only time can tell us whether our judgment in any given 
case was good or bad. 

In addition to the senior author (H. T. L.), these cases were, in various instances, 
treated under the supervision of the following consulting surgeons: J. R. Head, M.D., G. W. 
Holmes, M.D., and W. M. Lees, M.D. 
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PLASTIC REPAIR OF ESOPHAGEAL FISTULA OF TUBERCULOUS 
ORIGIN WITH A DIAPHRAGMATIC CUFF 


D. LAzhr, M.D. 
Bupapest, HUNGARY 


ISTULA of the esophagus, due to caseation of the lymphatie glands, has 

appeared hitherto only in autopsy material. Among 7,000 autopsies, Vim- 
trup found 1,600 cases of tuberculosis, of which only 2 cases were of the esoph- 
agus. On investigation of 100 autopsies of tuberculous children, Sternberg 
discovered perforations in two eases only. 

In half of all eases, esophageal tuberculosis seems to have its origin in the 
caseous degeneration of the lymphatie glands in the area of the hilus, and is 
therefore localized in the middle third of the esophagus. The appearance of 
tuberculosis in the upper third of the esophagus is less common. It is most 
infrequent, according to Hackel, who found it in only 12 per cent, in the in- 
ferior third. 

Hackel, Pfeiffer, and Nawratil tried to strengthen the suture of the eso- 
phageal wall, which lacked serosa and was inelined to break open, by a muscle 
flap taken from its surrounding. The idea was not new, but these experiments 
had hitherto been confined exclusively to the cervical part of the esophagus. 
lor the graft the sternocleidomastoid muscle was generally used. They tried 
to approach the fistulas of the cervical esophagus area by way of a posterior 
mediastinotomy extrapleurally. According to Sauerbruch, the results were 
disillusioning. 

A lecture delivered by Professor Petrowsky at the Academy of Budapest, 
in which he reported replacing the lower part of the esophagus with a dia- 
phragmatie cuff, induced me to attempt to strengthen the suture of the esoph- 
agus with a pedicled flap taken from the diaphragm, following the surgical 
excision of a tuberculous fistula in the lower third of the esophagus. 


CASE HISTORY 


‘ 


The history of the patient is as follows: E. G. arrived at the First Surgical Clinic 
of Budapest on April 8, 1951, She had been operated upon six months before at a country 
hospital, and since that time the fistula in her abdomen had been suppurating. 

The filling of the fistula with contrast substance held a surprise, for it could be 
clearly seen that the abdominal fistula communicated with the diaphragmatic part of the 
esophagus (Fig. 1). No penetration of the contrast substance into the fistula could be 
ascertained when the patient swallowed. X-ray of the esophagus showed no pathologic 
alteration which could have explained the perforation. 

The following information was obtained from the hospital where the previous opera- 
tion had been performed: ‘‘Operation took place Oct. 18, 1950. Preoperative radiography 
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on a horizontal level showed an abscess cavity, the size of a small nut, in the right sub- 
phrenic region near the vertebral column with an air shadow above it.’’ The abscess was 
opened by laparotomy, and penicillin was applied followed by drainage. It was noted that 
the site of the nut-sized abscess cavity was in the anterior medial part of the right sub- 
phrenic region. 

In the search for the etiology of the abscess, a roentgenogram was made of the spinal 
column, which’ showed that the intervertebral spaces were intact. X-ray examination of 
the thorax was negative. Westergren rate was 38 per 56 mm. Esophagoscopy showed no 
fistula, Number of leukocytes was 7,900. Wassermann reaction was negative. The quali- 
tative blood examination showed relative lymphocytosis. 

First, conservative therapy was tried. During the following two weeks, a daily dose 
of 1 ¢.e. potassium permanganate solution was given, but as this treatment turned out to 





Fig. 1.—The communication of the abdominal fistula with the lower part of the esophagus was 
plainly demonstrated after the use of a contrast medium. 


be ineffective, during the next two weeks the fistula was cauterized with silver nitrate. 
The fistula still persisted. Thereafter, every third day a blood transfusion was given, 
and 0.25 Gm. of streptomycin was injected into the fistula daily. After two weeks, the 
secretion was much reduced, but a roentgenogram showed the fistula unaltered, and the 
opening into the esophagus was still present. 

Since the prolonged conservative therapy proved ineffective, an operation was de- 
cided upon. With preliminary pneumothorax and after adequate treatment of the heart, 
ether-narcosis was carried out with positive pressure produced by an apparatus after the 
method of Visnyevszkij with thoracolaparotomy. The fistula was reached by diaphrag- 
motomy, and the right posterior wall of the diaphragmatic part of the esophagus was 
entered. After careful isolation, the fistula was excised from the esophagus and the lentil- 
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sized wound was sutured with interrupted sutures in two layers. We covered the esoph- 
agus with a 2-inch pedicled cuff-shaped flap, taken from the diaphragm at the level of 
the suture (Fig. 2). 

The distal part of the fistula was resected, then the skin was closed by interrupted 
sutures. The diaphragm could be reconstructed satisfactorily, Using a thin Pezzer 
catheter in the thorax, the lungs were inflated and the thorax was closed. Through the 
Pezzer catheter, 200,000 units of penicillin was injected into the thorax. The abdomen 
was then closed and a thin rubber tube was introduced into the wound. 

During the operation, 300 ¢.c. blood was administered by drop infusion. The patient 
withstood the operation well. During the first 24 hours, she received 40 c.c. of 10 per 
cent sodium chloride, 60 ¢.c. dextrose intravenously, 1.5 L. physiological sodium chloride 
subcutaneously and 2 L. rectally (Katzenstein). Penicillin was given parenterally, 40,000 
units every 6 hours. 

This therapy was continued for six days with a blood transfusion of 200 ¢.c. every 
second day. On the fifth day the patient received some bitter tea, a spoonful at a time, 
on the sixth day some soup, and on the eighth day pulpy food. During the first three days, 





Fig. 2.—Between the two arrows the pedicled flap of diaphragm is seen about to be drawn 
over the fistulous opening of the esophagus. 


the pleural secretion was removed through a Pezzer catheter 4 or 5 times daily, and 
50,000 to 60,000 units of penicillin was injected into the thorax. 

On the fifth day, radiography showed that the lung was entirely expanded and there 
was no secretion in the thorax, so that the Pezzer catheter could be removed. The ab- 
dominal fistula had been injected with 40,000 units of penicillin every second day, and 
the rubber tube also was removed on the fifth day. The fistula and the wound healed 
without any complications. 

As the patient had had no history of a possible perforation caused by a fish bone or 
some other tiny foreign body, and as the whole clinical picture from the beginning indi- 
cated a specific cause, during the operation one of the pre-esophageal lymphatic glands 
was removed for biopsy. This showed lymphadenitis chronica tuberculosa. On the peri- 
toneal side of the piece cut out from the diaphragm for histologic examination, tuberculous 
granulation was found as well. Since we found a necrotic lymphatic gland penetrating 
into the esophagus and the histologic finding verified our suspicion, the etiology of the 
process was judged to be tuberculous. The preoperative radiography, which showed an 
air shadow in the abscess cavity, also pointed to this, as the abscess had probably com- 
municated with the esophagus. The operative opening of the abscess had completed the 
fistula. 
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The patient was examined postoperatively six months later. Her condition had im- 
proved a great deal. She had gained 6 kg. and was asymptomatic. Radiography showed 
that the contrast substance entered the stomach without hindrance. The patient was seen 
several times during the next four years. When last seen she was still without symptoms 
and was employed as a factory worker. 


The case reported indicates that a diaphragmatic cuff is, in suitable cases, 
a reliable method of closing fistulas of the inferior third of the esophagus. 
This operative method seems to give an effective and durable solution to a 
‘are disease. Study of the available literature failed to show a similar ease. 
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ANAPHYLACTIC SHOCK FROM INTRAPLEURAL 
STREPTOKINASE-STREPTODORNASE 


W. C. SHANps, M.D., AaNp J. Harvey JOHNSTON, JR., M.D. 
JACKSON, Miss. 


INTRODUCTION 


St EPTOKINASE and streptodornase are proteolytic enzymes, derived from 
cultures of hemolytic streptococci, which are useful in enzymatic débride- 
ment. Streptokinase produces fibrinolysis by activating plasminogen (nor- 
mally in human serum) to plasmin, which splits fibrin causing dissolution of 
blood clots and fibrinous exudates. Streptodornase liquefies desoxyribose 
nucleoprotein, which may constitute 30 to 70 per cent of purulent exudates. 
These enzymes are marketed commercially by Lederle Laboratories as Vari- 
dase. They have proved very useful intrapleurally as ‘‘biologic curettes’’ in 
treating clotted hemothorax and certain empyemas. 

The following case is reported because of the unusual serious toxic re- 
action following its use: 

CASE REPORT 

L. J. Z. (St. Dominie’s, 54-23904) was admitted to the hospital on June 18, 1954. 
Thirteen days previously he had sustained lacerations involving the left upper extremity, 
the right shoulder, and the right chest. There were two ribs exposed. The lacerations 
had been sutured in a doctor’s office. Four days later he began to run a low-grade fever 
which spiked progressively higher and was associated with chills and with pain in the 
right chest and shoulder. On admission the patient appeared acutely ill. The blood pres- 
sure was 124/80; the temperature was 101° F.; the pulse was 88; respirations 24. The 
lacerations had healed well. There were dullness and decreased breath sounds in the lower 
right hemithorax. Chest film showed extensive haziness of the lower two-thirds of the 
right lung field. The patient had Grade II superficial varicosities of the lower extremities. 

Multiple attempts at thoracentesis were done yielding only 40 ¢.e. of clotted blood. 
It was obvious that the patient had an infected, clotted hemothorax, 

The following day 100,000 units of streptokinase and 25,000 units of streptodornase 
were injected into the right pleural cavity after aspirating with difficulty 60 ¢.c. of old 
blood. Twenty-four hours later 1,000 ¢.c. of serosanguineous fluid was removed; 400 e.e. 
was removed the following day. The gratifying response to this therapy led to its 
employment on the fourth day after admission. Following the second instillation, the 
patient had elevation of temperature to 104° F. and had some generalized itching. Follow- 
ing the second instillation of intrapleural Varidase, 1,500 ¢.c. of fluid was withdrawn. 

On the eleventh day following admission a third intrapleural administration of 
Varidase was given. Four hours later the patient presented generalized giant urticaria 
followed by elevation of the temperature to 106° F. He then passed rapidly into a state 
of profound shock. Blood pressure was not obtainable. Vigorous treatment with anti- 
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histaminies, oxygen, pressor agents, including l-arterenol* intravenously, cortisone (and 
later ACTH) was instituted. On continued infusions with l-arterenol, his blood pressure 
was maintained at about 70/40. Chest film revealed no evidence of fluid accumulation 
in the right pleural cavity or mediastinal shift (Fig. 1). Physical examination by several 
observers concurred in this. The l-arterenol infusions had to be maintained for three days 
before spontaneous circulatory stability was evident. During administration of the 
l-arterenol in the saphenous veins on both ankles by ‘‘cut-downs’’ with polyethylene tubing, 
there was some extravasation of the vasopressor agent with resultant slough of the skin 
above the medial malleoli. Débridement and skin grafting of these areas were later 
necessary. 

On July 6, 1954, 250 ¢.c. of straw-colored fluid was withdrawn from the right pleural 
cavity. Following this there was complete clearing of the right pleural cavity. He is now 
well and asymptomatic nine months after this severe anaphylactic reaction. He em- 
phatically wili not submit to skin testing to check on intradermal sensitivity to Varidase. 


Fig. 1.—Portable chest film taken during period of anaphylactic shock showing no significant 
mediastinal shift. 


DISCUSSION 


Varidase acts by liquefying fibrin and nucleoprotein, thus facilitating the 
easier removal of clotted blood from the pleural cavity. Frequent aspirations 
are advised to provide good drainage. 


Minor reactions may occur and are usually pyrogenic, following within 
four to six hours after the administration of the drug. Malaise, headache, and 
nausea are present in about 50 per cent of the patients. 


*Levophed, Winthrop-Sterns, Inc. 
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In 1952, a fatality following the intrathecal use of Varidase in a patient 
with tuberculous meningitis was reported.?, Baum and Oransky' reported a case 
of cireulatory collapse following the initial instillation of streptokinase and 
streptodornase in the pleural cavity. This patient was greatly benefited by the 
aspiration of 2,300 e.e. of fluid from the right pleural cavity, and an additional 
1,500 ¢.c. was withdrawn the same day. The authors felt that this was an in- 
stance of anaphylactic shock. However, Miller and Long* in discussion of this 
ease, disagree with this assumption, pointing out that the difficulty was caused 
largely by tlie rapid accumulation of pleural fluid with resultant mediastinal 
shift and ecardiorespiratory embarrassment. They advised intercostal catheter 
drainage with connection to a Stedman suction pump to provide more adequate 
drainage of the pleural cavity in all but minimal instances of hemothorax. 
Miller and Long* stated that despite a very wide experience in the use of 
Varidase intrapleurally they had encountered no allergic or anaphylactoid 
responses. 

Goehring and Grant* report a ease which they interpret as anaphylactoid 
reaction following the use of a single intrapleural injection of streptokinase- 
streptodornase. A few hours later, the patient complained of chest pain and 
dyspnea; the blood pressure dropped to 70/40 mm. Hg and the pulse was rapid 
and thready. His condition remained critical until the next day when 600 c.e. 
of dark blood was removed by left thoracentesis. Chest film the following day 
showed ‘‘considerable increase in the amount of fluid in the left side of the 
chest. ... The mediastinum and heart were displaced to the right.’’ Skin test 
with streptokinase-streptodornase five weeks later was markedly positive with 
severe edema and redness of the entire flexor surface of the forearm and 
axillary adenitis. Although this points to sensitivity, it is not known whether 
this existed at the time of the serious initial reaction. Thus, it is easily possible 
that this shocklike state was not due to anaphylaxis but to mediastinal shift 
due to an increasing pleural effusion. 

There can be little doubt that the case recorded here represents one of true 
anaphylactic shock resulting from sensitivity to streptokinase-streptodornase. 
Repeated physical examination and one by x-ray showed no evidence of 
significant pleural effusion or mediastinal shift. Thoracentesis was not done 
during the severe reaction and had nothing to do with the successful outcome. 
In retrospect, it is obvious that too little attention was paid to the generalized 
pruritus experienced after the second injection of drug; this was probably 
a lesser allergic phenomenon. 


CONCLUSION 


The ease of a severe, fulminating, near-fatal anaphylactic reaction following 
the third intrapleural injection of streptokinase-streptodornase is reported to 
emphasize the definite antigenicity of the drug, which apparently increases 
with repeated injections. 

The use of intradermal testing should be further investigated to evaluate its 
usefulness. 
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Careful search for minor allergic manifestations such as urticaria and 
pruritus should be made after each injection of the drug so that it ean be 
promptly discontinued when they oceur. 

Prompt evacuation of the intrapleural products of liquefaction is urged 
by the use of intercostal catheter drainage as suggested by Miller and Long.* 
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IMMEDIATE TREATMENT OF BRONCHOPLEURAL-PERITONEAL 
FISTULA 


A COMPLICATION OF SUBPHRENIC ABSCESS 


MILEs J. GuLLIcKSON, M.D., AND R. GLENN Situ, M.D. 
: Rockrorp, IL. 


ERFORATION of a subphrenie abscess through the diaphragm with the 

formation of a bronchopleural-peritoneal fistula was formerly a frequent 
complieation.': 2, The sudden appearance of this additional burden in a patient 
already acutely ill from a subphrenie abscess places him in a precarious con- 
dition. The incidence and high mortality of this serious event have been greatly 
reduced by the employment of earlier and more adequate surgery, and the anti- 
biotics. Immediate and well-planned procedures in correct sequence may 
initiate a rapid and gratifying improvement, as the following experience with 2 
of these cases illustrates. 

CASE REPORTS 


CASE 1.—L. T., a man, 44 years of age, underwent a gastric resection for duodenal ulcer 
at Swedish-American Hospital, Rockford, Illinois, on Dec. 6, 1952. Recovery was delayed by 
the development of a right subphrenic abscess which was drained by the conventional posterior 
approach (Ochsner!) on Dec. 22, 1952. The patient’s temperature returned to normal on 
Dee. 28, 1952, and remained so until Jan. 8, 1953, when irregularly elevated temperatures 
reappeared. Drainage from the posterior wound had become intermittent, though at times 
it was quite profuse. On Feb. 1, 1953, the patient’ expectorated increasing amounts of a 
brownish sputum containing chlorophyll, which was also contained in a preparation being 
used to irrigate the posterior wound. He complained of pain in the right lower chest, and 
severe dyspnea was present. Markedly diminished breath sounds over the right side of the 
chest were noted. An x-ray of the chest showed extensive infiltration of the lower portion 
of the right lung, and a similar though less severe process on the left side (Fig. 1). The 
fluid level previously noted below the right diaphragm had disappeared. 

He was first seen by us on Feb. 2, 1953. Extreme lethargy, weakness, and moderate 
disorientation were evident. Cyanosis was pronounced; respirations, 48 per minute, were 
shallow and noisy; and the pulse was 120 per minute and thready. Blood pressure was 86/60. 
Bronchoscopic aspiration was immediately performed with a little improvement which was 
not long maintained. The procedure was repeated two hours later, followed by a tracheotomy 
with the bronchoscope in the trachea. Tracheal aspirations were then repeated as indicated. 
On Feb. 3, 1953, he was deemed sufficiently improved to permit return to the operating room 
for drainage of the subphrenic abscess by the anterior subcostal route. Fourteen days later 
the bilateral pneumonitis had entirely cleared. Eighteen days later, on Feb. 20, 1953, he 
was discharged from the hospital. His subsequent convalescence was without incident. 


CasE 2.—J. V., an 18-year-old man, was admitted to Swedish-American Hospital for an- 
appendectomy, which was performed on Jan. 24, 1952. Following operation a progressive 
temperature elevation was noted. A frank fecal fistula developed on Feb. 2, 1952. In the 
next few days this gradually closed. The patient’s temperature remained high. An x-ray 
of the chest on Feb. 9, 1952, disclosed a right subphrenic abscess. At 9:45 P.M. on Feb. 9, 
1952, the patient suddenly coughed up a huge amount of bloody malodorous sputum. 
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Consultation was requested and the patient was seen by us at 10:45 p.m. His temperature 
was 104° F., pulse was 140 per minute and labored. Restlessness, apprehension, and 
a grayish pallor were noted. A foul odor was evident even at some distance from his room. 











Fig. 1.—Case 1, L. T. 





Fig. 2.—Case 2, J. V. 
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While preparations for operation were being hastened, respirations suddenly ceased 
and blood pressure and pulse became unobtainable. Resuscitation was achieved after endo- 
tracheal intubation. Drainage of the subphrenic abscess by the anterior subcostal approach, 
bronchoscopy, and tracheotomy were then proceeded with in that order. A large amount of 
pus was evacuated. Following surgery, the patient’s pulse remained rapid and thready, 
respirations were shallow, and return to consciousness was delayed. A postoperative x-ray 
showed a massive infiltration of the right lung field with a similar though less extensive 
process on the left side (Fig. 2). After the first postoperative day recovery was uneventful. 
Final clearing of the pneumonitis was evident on Feb. 25, 1952. He was discharged from the 
hospital on March 2, 1952. Subsequent recovery was complete. 


DISCUSSION 


Improvement occurred in both these cases once emergency therapy was 
completed. Both patients would have benefited had there been no delay in 
the application of the several steps employed in the treatment. A bronchopleuro- 
peritoneal fistula occurs in patients with a subphrenice abscess which has not 
been drained or has been inadequately drained. Its deleterious effects on the 
patient result from the sudden flooding of the respiratory tree with a large 
amount of pus. Treatment is properly directed at the removal of this material 
from above by means of aspirations by way of bronchoscopy and tracheotomy, 
and from below by adequate drainage of the subphrenic abscess. In the first 
patient, L. T., there was delay of two hours between the initial bronchoseopy and 
tracheotomy, and eighteen hours between tracheotomy and drainage of this 
abscess. In retrospect, it is felt that little was gained by deferring the drainage 
for that length of time. In the second patient, J. V., bronchoscopy and trache- 
otomy were delayed while preparations were made to do all three procedures at 
the same session in the operating room. Bronchoscopy and tracheotomy should 
have been performed immediately. A fatality nearly resulted from this error. 

Local anesthesia is usually preferred for all indicated surgical procedures 
on these patients. The tracheotomy may be maintained indefinitely, since it 
greatly assists and accelerates the frequent clearing of the trachea and bronchi 
which is desired during the first few postoperative days. It also promotes a 
more effective pulmonary ventilation in these acutely ill individuals.’ Position- 
ing of the patient to facilitate drainage from below is of importance. 

CONCLUSIONS 

The sudden appearance of a bronchopleural-peritoneal fistula in a patient 
with a known or suspected subphrenie abscess presents a situation which ealls 
for these procedures: (1) immediate bronchoscopic aspiration, followed directly 
by (2) tracheotomy, which in turn should be followed as soon as possible by (3) 
adequate drainage of the subphrenie abscess. 
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CONGENITAL ANEURYSM OF THE SUPERIOR VENA CAVA 


G. H. LAWRENCE, M.D., AaNp T. H. Burrorp, M.D. 
Sr. Louts, Mo. 


PONTANEOUS venous aneurysms are of rare occurrence. Two cases, located 
in the superior mediastinum, have been reported in the literature.’;? An 
additional ease with successful surgical excision constitutes this report. 


CASE REPORT 

B. D. (No. 02162), a 52-year-old housewife, entered Barnes Hospital on March 5, 
1953, complaining of pain located along the thoracie vertebrae. This had occurred over the 

’ 
previous two years and was associated with increasing exertional dyspnea. There was no 
history of chest trauma or previous surgery. An outside x-ray was reported as showing a 

J 3 : I g 
mass in the mediastinum, extending into the right lung field. 

Physical examination, electrocardiogram, and laboratory data were noncontributory. 
An x-ray revealed a mass located in the right superior mediastinum which pulsated minimally 

I 

during fluoroscopy (Fig. 1). 





Fig. 1.—Preoperative chest x-ray showing the aneurysm in the right mediastinum. 


Operation was performed on March 9, 1953. Under endotracheal gas-oxygen-ether 
anesthesia a right posterolateral thoracotomy was made through the bed of the fifth rib 
which was excised subperiosteally. Covered by mediastinal pleura, above the azygos vein and 
lying between the superior vena cava and the vertebral bodies, was a blue cystic mass 
approximately 5 em. in diameter (Fig. 2). On compression the cyst disappeared, only to 
re-expand when pressure was released. Through its thin wall turbulent blood flow could be 
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visualized. Needle aspiration yielded venous biood. The true nature of the aneurysm was 
elicited by dissection. The azygos vein was ligated and divided at the chest wall posterolater- 
ally. The phrenic nerve was dissected from the anterior wall of the aneurysm which was then 
freed from the mediastinal structures medially. The aneurysm was seen to have a narrow, 
2 mm. stalk at its point of origin, immediately above the junction of the azygos vein and 
superior vena cava. This was ligated and divided at the vena cava, as was the azygos vein. 
The chest was closed in the routine manner and the patient was discharged on the eighth 
postoperative day. When last seen on June 12, 1953, she was asymptomatic. A letter received 
in October, 1954, reported no dyspnea, but she complained of lumbar back pain. X-ray 
examination of the chest has revealed no recurrence of the aneurysm. 





Fig. 2.—The appearance of the aneurysm at operation. The phrenic nerve is retracted 


anteriorly ‘by the white tape and the azygos vein has been looped posterolaterally by the 
black ligature. The lung has been retracted inferiorly. 


COMMENT 
The ease reported by Harris' occurred in a five-month-old infant who 
experienced spasmodie cough and minimal cyanosis. At post mortem the 
aneurysm was located in the right superior mediastinum and appeared to have 
communication with the left innominate, inferior thyroid, and right jugular 
veins. Abbot’s? ease was asymptomatic. First seen on a survey chest film, it was 
diagnosed, prior to operation, by angiography. This aneurysm appeared to arise 
from the superior vena cava. It was treated by cellophane wrapping of the vena 
cava and innominate veins. The patient, a 17-year-old student, did well post- 
operatively. 
The present ease illustrated the feasibility of surgical excision by ligation 
and interruption of the narrow communication with the parent vein. 


SUMMARY 
A ease of successful surgical exeision of a spontaneous or congenital 
aneurysm of the superior vena cava is reported. 
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HEMOPTYSIS IN CANCER OF THE THYROID 
RicHARD N. Morrscu, M.D.,* Kennetu D. Devine, M.D.,** Lewis B. WooLNer, 
M.D.,*** Epwarp S. Jupp, Jr., M.D.,**** anp Herpert W. Scumipt, M.D.***** 
RocHESTER, MINN. 


WO interesting and unusual eases of a similar nature recently came to our 

attention. In both there was marked hemoptysis of unknown origin, which 
later proved to be secondary to invasive but clinically inapparent carcinoma of 
the thyroid gland. The seeming rarity of this clinical picture prompted us to 
attempt to discover any further cases fulfilling these criteria, here or elsewhere. 
For this purpose, we reviewed the English language literature of the last 
twenty years and surveyed the records of 558 consecutive Mayo Clinie cases of 
carcinoma of the thyroid encountered in the 12-year period of 1940 through 1951. 

This study was made, first of all, in the hope that some common factors of a 
diagnostic import might be discovered, and secondarily, to ascertain, in so far 
as possible, the prognostic and therapeutic significance of invasion, in the 
absence of any other signposts of malignancy. In our review we used the single 
factor of hemoptysis as the basis for selection of cases. We did this for two 
reasons: 1. The appearance of pure blood or red-streaked sputum is sufficiently 
alarming to both patient and physician to guarantee its observance when present. 
2. Hemoptysis provides more definite evidence of true mural invasion than do 
such symptoms or signs as hoarseness, cough, and dyspnea, all of which can be 
produced by external pressure on the trachea, or by involvement of the recurrent 
nerve, in the absence of any actual invasion. 

SEARCH OF THE LITERATURE 

The literature on the thyroid is noticeably reticent on this subject. There 
is no searcity of eases in which a malignant lesion of the thyroid eroded through 
the adjacent walls of the larynx and trachea to appear within these structures. 
Such an event, however, is invariably seen in cases of established carcinoma of 
the thyroid, untreated or far advanced, in which the site of origin is only too 
clear. In this group we find those tragie cases in which there is widespread 
invasion at the time of the patient’s first visit to a doctor, and those cases in 
which there have been recurrences following palliative or subtotal resection for 
the neoplasm. These cases are almost always terminal in nature. In contra- 
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distinction, the true nature of our 2 cases was not evident initially, the underlying 
disease first manifesting itself solely through the facet of tracheal extension and 
intraluminal bleeding. 

Search of the literature revealed only a very few cases in which the hemopty- 
sis appeared at the time of the initial diagnosis of carcinoma of the thyroid. 
Frazell and Foote! reported one ‘‘bizarre’’ ease in which the lesion first presented 
in the larynx; they did not elaborate. Cavenagh and MeMenemey? recorded 
a ease in which bloody mucoid sputum was produced but in which there was no 
evidence of invasion of the tumor at the time of operation. Grimes and Bell* 
reported 4 cases in which erosion of the larynx and hemoptysis occurred. In all 
of their cases, the thyroid was enlarged and stony hard, and the diagnosis was 
made preoperatively. They did note that an invasive tumor might not be seen 
at laryngoscopy or bronchoscopy in the presence of intact vocal cords. 


MAYO CLINIC SERIES 


In going over the records of the eases of thyroid cancer encountered at the 
Mayo Clinie during a 12-year period—558 eases in all—we were able to find only 
17 cases in which the patient, at the time of initial examination and prior to any 
diagnostic or therapeutic procedure, gave a history of having had hemoptysis 
at any time in the past. The hemoptysis in these 17 cases preceded, followed, 
or became apparent at the same time as the appearance of the goiter in almost 
equal numbers of eases. This is of questionable significance, however, because of 
the known unreliability of any history regarding the duration of such a swelling. 





The 2 cases that prompted this study are reported below. 


CASE REPORTS 


Case 1.—A 54-year-old white woman first noted hemoptysis, amounting to 1 teaspoonful 
of bloody mucus, in March, 1952, while attempting to clear her throat. She had undergone 
examination at the Mayo Clinic prior to this time, in January, 1952. At that time she had 
grade 1 diabetes mellitus and arteriosclerosis obliterans, but no respiratory or thyroid abnor- 
mality was observed. In November, 1952, when she returned after two more episodes of 
hemoptysis, the thyroid gland was clinically normal and no cause could be found for her 
hemoptysis. The results of laryngoscopic examination were negative. In April, 1953, the 
occasional gross hemoptysis had progressed to the point of daily expectoration of approximately 
a tablespoonful of bright red blood. She underwent bronchoscopy at that time, but nothing 
abnormal was noted. 

In January, 1954, she came back because of the bleeding, which was always associated 
with coughing or clearing of the throat. This time bronchoscopy revealed an intratracheal 
tumor which bled very easily. Biopsy of this mass showed grade 1 papillary adenocarcinoma 
of thyroid origin. At exploration, the thyroid gland, when exposed, appeared to be quite 
normal. Only during the course of the ensuing right lobectomy was a small column of 
malignant tissue noted; this extended from the posterior surface of the lobe directly into 
the wall of the trachea. The trachea was split open in the mid-line, and the right half of it 
excised en bloc, the excision extending grossly wide of the tumor. A tracheal stoma was 
prepared by suturing the edges of a vertical skin incision to the remainder of the trachea, 
leaving it a shallow trough. The patient did quite well, and was able to go home two weeks 
after operation. When she returned to the Clinic at the end of April, 1954, she apparently 
was in good health. The trachea was repaired satisfactorily with auricular cartilage and 
local skin flaps. 
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Case 2.—A 71-year-old woman had felt quite well until four years previously, when 
she first observed that if she happened to cough, as from inhaling too much dust, she always 
brought up blood-streaked sputum. This abnormality continued irregularly from that time 
forth. Whenever she had a cold, she brought up some blood. The hemoptysis increased in 
amount as time passed, and she became increasingly dyspneic and had inspiratory stridor. 
When she was examined at the Mayo Clinic, the respiratory obstruction was quite obvious. 
Three observers found no enlargement or nodularity of the thyroid gland. Bronchoscopy, 
however, disclosed an intrinsic tracheal tumor that occluded the lumen. Biopsy of the tumor 
revealed grade 1 papillary adenocarcinoma of thyroid origin, with some colloid formation. 
Two days later, the patient underwent an operation on the thyroid. At the time of exposure, 
the gland was recorded as being of normal size, but somewhat more nodular and firm than 
usual. The site of the primary lesion could not be ascertained even then, and a subtotal left 
lobectomy was carried out first. The neoplasm, however, was found subsequently when right- 
sided lobectomy was performed; the tumor lay medially within the lobe and had eroded com- 
pletely through the wall of the trachea. No other invasions or local extensions were noted. 
Following thyroidectomy, the trachea was split, and the invasive tumor and the surrounding 
tracheal wall were excised as a single bleck of tissue, a strip of trachea being left behind as 
framework for future reparative purposes. There was no postoperative radiation and the 
patient went home, with a tracheal stoma, two weeks after operation. Tracheal reconstruction 
has since been started according to the method used in the first case. 


One of these patients exhibited hemoptysis for two years and the other for 
four years before definitive treatment was instituted. During these periods 
there had been no evidence of metastasis. In each case the tumor was a low- 
gerade papillary adenocarcinoma. We cannot as yet judge the ultimate prognosis 
because of the short lapse of time since operation. 

The importance of these cases is twofold: (1) they point up a clinical picture 
that is seldom seen but one that the clinician should be aware of and (2) they 
suggest that good surgical treatment of cancer may be possible at times in cases 
in which at first the condition seems inoperable. In fact, in both of our eases, 
complete removal of all apparent gross cancer was carried out in the definitive 
operation. 

The patient in Case 2 subsequently died after closure of the tracheal stoma. Necropsy 
disclosed recurrence of carcinoma about the site of reconstruction. 
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SURGICAL CLOSURE OF ATYPICAL PATENT DUCTUS ARTERIOSUS 
N. A. Antonius, M.D., L. G. MassarELui, M.D., anp A. D. Crecca, M.D. 
Newark, N. J. 


URGERY for the typical patent ductus arteriosus is among the least hazard- 

ous and the most gratifying procedures in the field of cardiovascular surgery. 
It is one of the few instances of cardiovascular abnormality in which the physi- 
cian can pronounce a complete cure. The correction of atypical patent ductus 
arteriosus, on the other hand, is among the most dangerous of all surgical pro- 
cedures. The presence of pulmonary artery hypertension greatly increases the 
operative risk, and the development of a right-to-left shunt makes the surgical 
correction of the ductus extremely perilous. 

The operative morbidity and mortality in atypical patent ductus arteriosus 
is high. Sudden, complete closure of the ductus in the presence of pulmonary 
artery hypertension results in a further rise in the pulmonary artery pressure 
with its consequent severe, deleterious effects on the heart. Realizing that sud- 
den, complete closure of the ductus would be fraught with danger we decided 
that perhaps gradual occlusion of the ductus would permit a slow reduction in 
pulmonary artery pressure and thus allow the body time to readjust to the hemo- 
dynamie changes. Such an approach would reduce the risk of an abrupt rise in 
pulmonary artery pressure and thereby increase the chances for the success of 
surgery. 

CASE REPORT 

M. L., a 7-year-old white girl, was referred to St. Michael’s Hospital on June 13, 1952. 
At the age of 6 months, the child was treated for pneumonia and at that time the mother 
was told that a heart murmur was present. Subsequent growth and development were normal. 
Frequent upper respiratory infections occurred during early childhood. Cyanosis had not 
been noted. Dyspnea on exertion had developed within the past year. 

Physical examination revealed a normally-developed young girl in no acute distress. 
The pertinent physical findings were confined to the cardiovascular system. A loud, harsh 
systolic murmur was heard at the third intercostal space to the left of the sternum. A short 
diastolic murmur was heard by some observers but not by others. A systolic thrill was 
palpable to the left of the sternum. Blood pressures were: right arm 120/50; left arm 
120/40; right leg 170/50; left leg 170/50. The lungs were clear to auscultation and _per- 
cussion. There was no clubbing of the fingers or toes. 

Fluoroscopic and x-ray examination of the chest (Fig. 1) showed a marked increase 
in the pulmonary vascular markings bilaterally. A hilar dance was present. The pulmonary 
artery was enlarged and bulging. Both the right and the left ventricles were enlarged. The 
left atrium was also enlarged. 

The electrocardiogram revealed a neutral axis and did not show any significant change 
from the normal. 
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Laboratory data included: red blood count, 4,000,000; hemoglobin, 10.4 Gm.; hemato- 
crit 42 per cent. 

Cardiac catheterization was performed on Oct. 1, 1952. The findings are summarized 
in Table I. There was evidence of pulmonary artery hypertension, right ventricular hyperten- 
sion, and both right-to-left and left-to-right shunts. The catheter was passed through the 
ductus and down to the abdominal aorta. 


TABLE I, CARDIAC CATHETERIZATION DATA BEFORE SURGERY AND TWO YEARS POSTOPERATIVELY 























PREOPERATIVE | POSTOPERATIVE 
BLOOD OXYGEN BLOOD OXYGEN 
PRESSURE IN CONTENT IN PRESSURE IN CONTENT IN 
MM. HG VOL. PER CENT | MM. HG VOL. PER CENT 
Superior vena cava 12.49 12.45 
Inferior vena cava 13.20 13.25 
Right atrium 5/0 11.64 5/0 13.28 
Right ventricle 88/0 11.41 30/0 12.56 
Main pulmonary artery 100/60 14.73 28/10 13.37 
Abdominal aorta 140/50 15.78 
Femoral artery 140/80 879 
Arterial oxygen capacity 17.82 17.25 
Arterial oxyhemoglobin 
Saturation (in per cent) 88 99 





Surgery was performed on Nov. 12, 1952. <A short, wide patent ductus arteriosus was 
isolated. Purse-string sutures were applied to the ductus at both its aortic and pulmonary 
artery attachments. The sutures were tightened so as to occlude 75 per cent of the original 
lumen of the ductus. The body of the ductus was then wrapped with twisted polyethylene 
sheeting that had been activated previously in a solution of diacetylphosphate. There was 
no evidence of cardiac embarrassment at the time of occlusion of the ductus. 

A to-and-fro murmur could be heard on the day following surgery. Postoperative blood 
pressure was 116/40. An x-ray film of the chest taken on the fifth postoperative day showed 


a diminution in the vascular markings. 








A.C) 


94 MSFe, 





Fig. 1.—Thoracic roentgenograms demonstrating a diminution in the vascularity of the lung 
flelds and a decrease in heart size 2 years after closure of an atypical ductus arteriosus. 


The murmur, which assumed a machinelike quality, persisted until May 15, 1953, at 
which time only a harsh systolic murmur at the base could be heard. This murmur gradually 
diminished in intensity until Feb. 5, 1954, when no murmur could be heard. 
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X-ray examination of the chest on Oct. 28, 1954, revealed a diminution in the pulmonary 
vascular markings, and a reduction in heart size (Fig. 1). 

The electrocardiogram at this time showed no essential change in comparison with the 
preoperative tracing. 

Cardiac catheterization performed on Oct. 28, 1954, revealed normal pulmonary artery 
and right ventricular pressures. There was no evidence of either intracardiac or extracardiac 
shunt. 


The child has been essentially asymptomatic since surgery. 


DISCUSSION 


The persistence of pulmonary artery hypertension and the development of 
a right-to-left shunt in atypical patent ductus arteriosus can only progress to 
the ultimate deterioration of the patient. A reduction in the pulmonary artery 
pressure and the elimination of the shunt would offer the individual a chance 
for survival and the hope of a normal life. 

Johnson and associates! believe that most of the shunts in atypical patent 
ductus arteriosus are bidirectional and that the increased pulmonary blood flow 
doubtless plays a role in the production of pulmonary hypertension, and that 
ligation of the ductus would result in a marked reduction of both pulmonary 
blood flow and pulmonary hypertension. With these contributing factors re- 
duced, it is conceivable that there could be at least partial regression of the 
pathological changes in the vessels and the pulmonary vascular resistance 
thereby decreased. 

The success of surgery is related to the severity and reversibility of the 
pulmonary vascular pathology. The pulmonary hypertension in a large measure 
is a reflection of the pathological alterations in the medium-sized muscular pul- 
monary arteries. The essential changes are medial hypertrophy of the muscular 
coat and intimal fibrosis. These changes tend to narrow the effective lumen of 
the vessel and offer an obstruction to the pulmonary blood flow. Multiple vas- 
cular thromboses also have been described and add to the pulmonary vascular 
obstruction. The thromboses may be related to polycythemia. 

The origin of the vascular aberrations is not known. Edwards? has offered 
the hypothesis that some patients with patent ductus arteriosus retain the fetal 
type of the medium-sized muscular pulmonary arteries. In expanding this view- 
point, Kattus and Muller* have stated that the presence of a large ductus more 
readily permits a transmission of the higher aortic pressure to the pulmonary 
arteries. The transmitted pressure then acts as a stimulus for the retention 
of the fetal type of vessels. Both have agreed that the intimal lesions can occur 
as a result of prolonged pulmonary hypertension. Lukas and associates‘ believe 
that the abnormally large flow through the ductus is the initiating factor in 
the development of pulmonary hypertension, but suggests that in some eases a 
retention of the fetal vasculature may play an important role, especially during 
infaney. 

If the vascular changes regress following surgery, then improvement can 
be expected. If the changes have become fixed and irreversible little or no 
benefit could be expected from the surgery. 
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The results of surgery for patent ductus arteriosus with pulmonary hyper- 
tension have been disappointing. Crafoord® reported eight deaths among 16 
patients with pulmonary hypertension who had been operated on for patent 
ductus arteriosus. When reversal of flow occurs the mortality is considerably 
higher. Table II summarizes the experience of several authors and the problems 
encountered at the time of operation. Difficulty arises from three main sources: 
1, the friable state of the ductus; 2, the development of cardiac embarrassment 
when the ductus is completely occluded; 3, the presence of a short, wide ductus. 








TABLE II. EXPERIENCE OF OTHER AUTHORS IN THE SURGICAL CORRECTION OF ATYPICAL 
PaTENT Ductus ARTERIOSUS 
AUTHORS OPERATION i RESULT _ 





Dammann et al.é 


Hultgren et al.7 


Kattus and Muller3 


Bothwell et al.8 


Holswade and Gold- 
berg? 


Pritchard et al.10 


Johnson et al.1 


Shumacker11 


DeCamp?12 


Lukas et al.4 


Occlusion of the ductus resulted in 
eardiae arrest 


Complete ligation 


Complete closure 


Due to technical difficulties only a 
partial ligation could be per- 
formed 


1. Hemorrhage during isolation of 
ductus 
2. Shock with occlusion of ductus 


Duetus closed by tightening two 
ligatures 


Tachycardia with application of 
clamp; after repeated clamping 
no effect; ductus then divided 


Patient died 15 minutes after ap- 
plication of clamp 

1. Friable ductus with excessive 
bleeding 

2. Obliteration of ductus caused a 
fall in blood pressure 

3. Progressive deterioration of pa- 
tients’ cardiovascular status was 
not reversed by ligation of the 
ductus 


-atient expired 


Doing well 2 
tively 


months postopera- 


Developed right ventricle failure 
which did not respond to medical 
management 


Doing well 2 months postopera- 
tively 


Procedure abandoned 
Progressive failure 
Procedure abandoned 


Death eight hours after ligation 
of the ductus 


Died fifth postoperative day fol- 
lowing blood transfusion 

Autopsy: ductus only partially 
ligated 


Patient doing quite well 

Patient died 

Procedure abandoned 

Permanent ligation of ductus not 


attempted 
Patient died 





Despite the poor operative prognosis, patients with atypical patent ductus 


arteriosus who survive the operation are usually benefited. 


There have been 


reports in the literature indicating that the pulmonary artery pressure can be 
reduced following surgery. Hultgren and co-workers’ have demonstrated a fall 
in pulmonary artery pressure from 110/62 mm. Hg to 65/40 mm. Hg one month 
after surgery. Adams'*® demonstrated a fall in the pulmonary artery systolic 
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pressure from 100 mm. Hg to 40 mm. Hg one year after ligation of the ductus. 
In the ease presented in this communication there was a fall in pulmonary artery 
pressure from 100/60 mm. Hg to 28/10 mm. Hg two years after delayed closure 
of the ductus. Limon Lason and associates’ have presented a case in which 
there was a rise in the pulmonary artery pressure following surgery. Irre- 
versible pulmonary vascular lessions are believed to account for the rise. 

The changes in the pulmonary vessels are not immediately reversible. A 
period of months is required for regression to occur. Cournand and co-workers” 
were not able to show any change in pulmonary artery pressure five weeks fol- 
lowing surgery. Similar studies performed five months postoperatively showed 
a normal pulmonary artery pressure. 

It would appear, then, that surgery is indicated if the pulmonary vascular 
changes have not become irreversible and if the dangers of operation could be 
reduced. Complete occlusion of the ductus has resulted in a significant num- 
ber of deaths. The friable ductus has caused technical difficulty requiring 
abandonment of the surgical procedure in several instances. The technique 
utilized in the case reported would appear to assist in solving these problems. 
The partial ligation of the ductus to 75 to 80 per cent of its diameter would 
tend to reduce the danger of a sudden and excessive rise in pulmonary artery 
pressure. The application of polyethylene sheeting permits the slow, gradual 
obliteration of the ductus. During the period of slow closure of the ductus, the 
body as a whole, and, in particular, the cardiovascular system, is permitted to 
adjust to the changing hemodynamics. 

Had the ductus failed to close within eighteen months after the application 
of the polyethylene sheeting, surgery would have been performed to occlude the 
ductus completely. 

An alternate procedure would be to ligate the ductus partially and then 
one year later a second-stage operation could be performed to occlude the ductus 


completely. 
SUMMARY 


A ease of patent ductus arteriosus with pulmonary hypertension and bi- 
directional shunt is presented. Delayed closure of the ductus was accomplished 
by partial ligation and wrapping with polyethylene sheeting. The feasibility 
of surgical obliteration of atypical patent ductus arteriosus is discussed. 
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LYMPHANGIOMA OF THE MEDIASTINUM 
Report oF A CASE WITH REVIEW OF THE LITERATURE 
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ean lymphangioma is infrequently confined to the mediastinum. As dis- 
closed by the available literature, operative intervention has been prac- 
ticed seventeen t+’ ues. Our ease brings the total to eighteen (Table I). 
Other references to these cysts included those found at autopsy,'® *” ** those of 
doubtful diagnosis,* * and discussion of the subject with no case presentation.'» ** 
None of these references was considered pertinent to the present study. 

In presenting an additional ease, the findings of others are reviewed in an 
attempt to clarify some of the problems of origin, diagnosis, and therapy. 


EMBRYOLOGY 


Cystic lymphangiomas may be more readily comprehended if one reviews 
the embryology of the lymphatic system. Florence Sabin! writes, ‘‘The lym- 
phaties are modified veins in the sense that they grow from veins.’’ The sequence 
of evolution in the lymphatic system is initiated by the appearance of endothe- 
lium-lined pouches. These separate completely from the parent vein and form 
a neighboring small plexus. Coalescence of this plexus of veins results in a pri- 
mary lymphatie sae. For a time this sae is completely divorced from its vein of 
origin but subsequently it reunites with the parent veins.’® This represents the 
first appearance of the lymphatic system in the human 8 mm. embryo” (Fig. 1). 

In addition to the jugular sacs, two other paired and two unpaired saes de- 
velop later in the retroperitoneal region. Unlike the jugular sacs, the latter do 
not form secondary connections with their own veins but join together to pro- 
duce a primitive system in the abdomen.”® The isolated sacs (jugular and ab- 
dominal) are joined into one complete system with a venous connection by the 
development of the thoracic and right lymphatie ducts (Fig. 2). There are two 
possible sources of origin of the thoracic and right lymphatic ducts: from the 
azygos system of veins or as direct outgrowths from the cisterna chyli and jugu- 
lar saes.2° The peripheral lymphatics are derived by extension from the pri- 
mary saes. The latter are completely transformed into lymph nodes and vessels, 
with the exception of the cisterna chyli.2° Lewis,’* and Sabin?° have demon- 
strated apertures in the jugular sacs of human embryos. These transmit the 
third, fourth, and fifth cervical nerves (Fig. 2). ' 
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The possible relationships of these embryological findings to the origin and 
development of lymphangiomas will be discussed subsequently. 


CASE REPORT 


History.—H. B., a 42-year-old white man, was admitted to Samuel Merritt Hospital in 
Oakland, Calif., on April 4, 1950. He complained of dyspnea and mild substernal discomfort. 
Throughout his life he had noted shortness of breath and weakness. This did not prevent 
him from participating in athletics, but he was aware that his reserve had always been less 
than that of his playmates. Three years before admission, he had been refused life insurance 
because of an increase in the severity of his symptoms and the finding of an ‘‘enlarged heart.’’ 





a 3B c 


Fig. 1.—Stages in the formation of the primitive jugular lymphatic sacs (diagrammed 
from a description by Sabin”). A, Endothelial pouches formed from the internal jugular veins. 
B, Lymphatic sacs divorced from internal jugular veins. C, Paired jugular sacs reunited to 
the jugular veins. 
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Fig. 2.—Lymphatic system in a 30 mm. human embryo (modified after Sabin”). 


Two- to three-pillow orthopnea, frequent colds, and bronchial wheezing followed. In 1949, he 
developed an upper respiratory infection with sinusitis, cough, and greenish, mucoid, blood- 
streaked sputum. 

Physical Examination.—The positive findings were a blood pressure of 158/80; a heart 
enlarged to the left on percussion; and, musical and coarse rales at the bases of both lungs and 
at the left apex. 





J. Thoracic Surg. 
March, 1956 


vA 
o) 
R 
= 
< 
n 
QA 
vA 
< 
af 
fe 
i 
= 
isa) 
s 
A 
& 
io 
(ex 
c 
_— 
a0} 
oOo 








Ajoatyeirodoysod 
A[oyerpoulUaL TTP AA 


ATeAt} 
-eiodoysod syjuour 
e014} poaordwy 


Ajoatye10do 
-ysod sivad o01y} 
yskd JO doudLINIEy 


gsureuer ysho 
peaoiduy 


Ajoatzes0doysod 
sized 9014} TTA 


Ajoatyeirodo 

-ysod sy}UOU TT 
IPM = ‘P1090 [Bo0a 
qystr sisApeieg 


peaoiduy 


ezA[OAl} 
-e1odoysod sievok 
ue} [eM “euoduiny 


WNIPEYJOpUs YILA pouUly 

Suorjoved Apoq usta10F 

‘speqshio prow AyVez pus 
ping peur JOL9}So[OYD oYITZIS Fo BABO 
-MO[[OA IBI[D SPUBIST YALA [[VA SNOIqI | BVUGA LOLLeZUI 0} [B10}V'T 


S[[99 poyesuola 
YIM poul, ‘ aposnur 
yjoous ‘seyAovoyd 


wnry Aveuowynd 
pmp AY -WAT YQ [TBM snorqiaT 


JYSIL 0} IOM0}sog 


wnTyoyy 
-opue Aq pout, !4yeBz Fo unipiedti0ed 
PINB Av9[D SJO[SE YBIM [[BM snoiqrg ‘[[BA JSayo IOIIE}UB 4JoTT 


aposnuL Treas 
PNB Iv9M YJOOUS YBIA [TBA SNOIqIg  [BeydVsy [Vs9zR_ IYSIY 


BAB 
Buea ioledns ‘eayoely, 


S[OSSOA JBIIG 0} 
wunipyjopue wseiydeip woz dAroU 
pnp JoquBe «vag YIM pour, [TBM snoiqrg oue1yd yYySIt 07 IOLIOJUW 


SISOLOpIsOWdy 

{s]feo yey YJIM pouly 

piny UMOIg-MOT {soyAooyduidA, ‘aposnur 
-ok ‘Kr9yeM ‘UT, YJOOWS YIIM [TBM sNOIqIT 


é é 


wni[eyjopue 

Aq pouty {speysAr0 

: Jo19}Sa[OYD 2 SBoIe 

pmp umoiq ‘soyAooyduidA, ‘aposnur 
‘£19yVM “UIT, YOOUIS YBIA [TBM SNOAqIT 


ulaA sosAze 
‘snseydosa ‘soyoety, 


wnipaivotied ‘wseiydeig 


snuAy} ‘eaevd BUdA 
Jowedns ‘wnipiBoidieg 





LIasa4y | 


UOISIOXxO 
ayo[durosuy 


UOISIOXY 


UOISIOX 
eyo duioouy 


suorzyeiidsy 
osBulelg 
Asdorg 


MWOISTOX 


WOISTOXTY 


UWOISIOX 
ABI-X 


WOISIOX 


UWOISIOxe 
eyo duosur 


998B4s-OM]T, W 


2zUeUL 

-SIoy pur 

‘uop104y 
‘OTS 


guosi0wy 


ezhofneog 
ep yoqner 
‘kyey ‘Ayueg 


eznofneeg 
ap Jzoqner 
‘Apex, ‘Ayueg 


ezpuoueIg 
pus uo0s}EAy 


g}} MINT 
puke ssoip 


zzPlByoyBog 
pues ‘snueul 
-seyy ‘soueg 


guluing 


928Qq0H 
pue sauulyg 





SINGLNOO | ADO'IOLSTH | NOLLVOOT OINOLVNV 





AdVUAHL 


| wOHLAV 








WONILSVIGGQ, AHL dO SVWOISNVHAWAT JO LYVHDO ‘J WFIAVY, 








ri 
sH 
oO 


LYMPHANGIOMA OF THE MEDIASTINUM 


Volume 31 


Number 3 














wINnITeyyopus TOIBIISTT 
Ajoatze10d048s0d ping YIM pouty {soyAooyd uIldA soskze pues ery 
Ajoyerpourult TAA. UMOIG-YsIppoy -WAT YIIM ][VM snoIqnuT ‘snseydose ‘soos y, UOIsSIOxXy 8 T9 €C6L ‘uejoseg ‘ST 
84108 Surpudose 0} 
wnipyjopus  JOEJUB puUB UNIpsed LOIBOISIT 
Ayoatye10d0380d YW pouty fsozAooyd = -t10d._ 03: -[BaazRT, ‘oAIOU pue WeTy 
A[Oyerpowuuat [TOM pinbry -wAT yyIM [TBM snoiqiy otuoryd 4zZoT Yyeoueg WOISIOXy iT CI &c6T ‘uvjoseg “LT 
Suiuty oyweds 
Ajoatze10d04sod ou {onsst} oposnur pus osue 
SY}JUOUL OMY TTPAL ping AY oseype YIM [VM snoiqig  o1uosrydoseydose yysy WOIsIOxXy JW SP IS6L zisyeq “OT 
Ajaatyesedo poyei1odioout dar0ou (q10do1 
-ysod suvak og atueryd 4zoy ‘urseayd Sty}) 
[JOM ‘uotoozut winipeyjyopue AQ pou, -BIp 0} yoTUL dtoRI04} Iayeq pus 
punom ‘useiyderp ‘soyAooydurdT ‘opOSNUL  wWoOAZ S[ESSOA BIG PUB ‘mOsuIRg 
-IWI9Y 4JOT SISATVIBT ping AYA YOO yIIM [TVA SNoIqy wmIprvotied 0} IOLIOUy UOIsOxy IW SEC«OSGT. ‘ssouprty) “CT 
SISOLO[OS 
wnipredtsed pure yeormoyy 
Ajoatye10d048s0d ‘uSeviyderp ‘eqz10e ‘snd UWOTSIOXO szho[ag 
s1eok OM} TOM ping AXTTIW wuoishy -evydosa JOMOT UooMJog ayzo[duioouL wh g OC6L pue Fomnoy, “FT 
Sululy 
wntpeyyoseur £ ayosnur apsue 
$ Fy YyjOows pourezUod [TBA = dTUeIydoysod JOLIOJUy MWOISIOX é OC6L stS0yspury ‘eT 
SuIuly 
wmntpoyjosem { eposnur ajsue 
é é YjJOouUS poutezUod [TBA dtuetydoysod JOTIeJUy WOISIOX & é OC6L srts0yspury “ZT 
TOISIOxG eztIBy 
Ayoatyeredo snsevydose ‘urea soshze ABI-X pus ‘[[eqsyT 
-ysod avof ouo0 [JOM = pInp ivejo uryy, 4yshd pouty wNITEYJOSey ‘eaed euad rowedng siq-[AyeW OW OSs GFT. ‘rouulyg “IT 
uintjayyopue qystr uo ApOLI0OjUB 
fq pouty ‘{sttydoursoe sooeds [¥}S0010}UT 
Ajoatze10d0j4s0d PINnp per0jos ‘soyAooydurAT ‘eposnur WWF 0% pug ‘uInuse4s eMOIg 
Ajoyetpoulult TTPA\ -MBI{S AIOIVA YJOOUIS YATA [TBM SNOIgL, wse1yderp ‘unipirvdweg WOIsIOxXy IW Z 6F6T pue AgIeHy ‘OT 














342 CHILDRESS, BAKER, AND SAMSON J. Thoracic Surg. 
March, 1956 





Fig. 3.—Posteroanterior and lateral roentgenograms demonstrating the anterior mediastinal 
shadow superimposed upon that of the heart and great vessels. 





Fig. 4.—Extent of the cyst as depicted by the artist from a description. 
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Roentgenographic Examination—There was an abnormal density extending from the 
thoracie inlet to the diaphragm. The density was thought to be primarily in the anterior 
mediastinum and to surround the heart. The borders of the mass were noted to pulsate slightly 
during fluoroscopic examination, but were interpreted as being transmitted from the cardiac 
impulse (Fig. 3). 

Preoperative Diagnosis.—Anterior mediastinal tumor, probably a dermoid or thymoma. 

Operation——On April 5, 1950, a left exploratory thoracotomy was undertaken by one 
of us (P. C. S.). The chest was opened posterolaterally through the bed of the resected fifth 
rib. A pinkish-gray cystic structure filled the anterior mediastinum and extended from the 
thoracic inlet to the anterior cardiophrenic angle. Laterally, it covered the anterior aspect 
of left pulmonary hilum; the left phrenic nerve was incorporated in its substance. The cyst 
extended across the anterior mediastinum and overlapped the superior vena cava. Inferiorly, 
it spread over the pericardium to the diaphragm along both margins (Fig. 4). During 
extirpation, the left phrenic nerve was necessarily sacrificed. When the cyst was inadvertently 
entered, milky fluid with a pinkish tinge issued forth. Examination of this fluid and biopsy 
of the mass revealed it to be a lymphangioma. The right pleural cavity was then entered 
transmediastinally. By means of traction and dissection, it was possible to remove the 
remaining portions of the cyst from the superior vena cava and the right side of the peri- 
cardium. Great care had to be exercised to spare the right phrenic nerve. Grossly, the cyst 
appeared completely removed. 
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Fig. 5.—Lymphangioma with large spaces and fibromuscular trabeculae. Milklike fluid content 
in test tube. 


Pathologic Report——The tumor measured 16 by 10 by 5 em. It contained milky fluid 
with a high lipid content. The outer wall was shaggy and pinkish gray. The inner surface 
was crossed by many thin, interclacing trabeculations and presented a smooth, shining surface 
(Fig. 5). Microscopic section showed an outer fibrous wall with an inner layer of flattened 
endothelium. The fibrous wall contained smooth muscle, collections of lymphocytes, adipose 
tissue, and blood vessels (Fig. 6). 

Postoperative Course.—Wound infection was obvious by the third day and a non- 
hemolytic staphylococcus was cultured from the exudate. Five months following the thoracot- 
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omy, it was necessary to unroof several sinuses which communicated with the extrapleural 
space. Healing then proceeded uneventfully. The patient is now well and working, more than 
five years following excision of the lymphangioma. 





Fig. 6.—The totally irregular spaces are lined with a single flattened layer of endothelium. 
In the unsectioned tumor these spaces contained chylous fluid. The fibromuscular septa (tra- 
beculae) and a portion of the cyst wall are shown. (X300.) 


DISCUSSION 


In a review of the 18 eases available to us, the age at diagnosis varied from 
2 to 61 years. Eleven of these patients were men and 5, women. In 2 cases 
the age and sex were not tabulated. The symptoms were nonspecific but pointed, 
in general, to some intrathoracic disturbance. Cough was the most prominent, 
presumably due to bronchial or tracheal pressure. Expectoration, hemoptysis, 
dyspnea, and pain in the chest trailed in frequency. Poor’ growth and develop- 
ment in one child probably were related to a chylothorax.?* Hoarseness due 
to paralysis of the left voeal cord occurred in 1 ease with a cyst high in the 
right mediastinum.”* This hoarseness persisted postoperatively and its cause 
remained obscure. It misguided the authors. On first reflection, they con- 
sidered it a sign of inoperability for a lesion which subsequently proved to be 
operable. 

The time interval between the onset of symptoms and discovery of the 
lesion varied from one month to many years. In at least one-half of the eases, 
symptoms persisted for more than one year. In 4 instances, however, the lesion 
within the thorax was unsuspected until disclosed by a roentgenogram taken 
for other reasons. 

Preoperatively, the true nature of the roentgen shadow remained unde- 
termined in all cases: thoracotomy was performed 17 times; cervical medias- 
tinotomy was employed in a single ease.2* Diagnostic pneumothorax revealed 
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an extrapulmonary tumor in two instances,?* 7’ but was unrewarding in a 
third.2® Skinner and Hobbs?* outlined the interior of the cyst by injecting air 
into it, for contrast with the diagnostic pneumothorax. Bronchoscopy, esoph- 
agoscopy, and esophagograms suggested extrinsic pressure in a few cases. 

A test dose of x-ray was used twice to note its effect on the mediastinal 
mass. In one ease, no change in size was noted.”” In the other, the mass dimin- 
ished and led the authors to the mistaken conclusion that they were dealing 
with a lymphoma.** 

Emerson,® during thoracotomy, demonstrated a communication between 
the cyst and the thoracic duct. Lipiodol was injected into the cyst and a roent- 
genogram was taken on the operating table. 


ANATOMIC LOCATION 


The relationship of these tumors to the mediastinum is clear. One can 
readily visualize them expanding laterally from the less yielding mediastinal 
structures to the more compressible pulmonary tissue. Among the cases so 
documented, extension into the right hemithorax was noted 11 times, and into 
the left 4 times. 

Certain patterns of location are discernible when one considers the 18 eol- 
lected cases. Five’ ?* 23: 2429 were directly related to the triangle formed by 
the superior vena cava, esophagus, and azygos vein. The anterior costophrenic 
angle and related structures housed eight.’ * ® 1 7% 26 Of the remainder, one 
was posterior to the right pulmonary hilum,® one was in the right esophagophrenic 
angle,” one was lateral to the inferior vena cava,”* one was between the lower 
esophagus-aorta-pericardium-diaphragm,”* and the present case occupied the 
entire anterior mediastinum. 

ORIGIN 


Goetch’ in a scholarly presentation concluded that portions of the primitive 
jugular sac may be sequestrated and fail to establish communication with the 
venous system; further, that the sequestrated part may continue to grow in a 
manner characteristic of the primitive lymphatic system. 

Reference to the embryology of the lymphatie system shows that such an 
explanation is applicable to the stage in which the primitive jugular sac is 
divorced from its parent vein (Fig. 1, B). If this closed sae is involved with 
structures destined for the mediastinum, it descends with them. If it is 
inextricably attached to those structures destined for the neck, its voyage is 
briefer and it manifests itself as a cervical lymphangioma. Oceasionally a large 
closed sae may become involved with structures destined for both the neck and 
mediastinum. This type of development may manifest itself as a cervico- 
mediastinal lymphangioma. The final position of the lymphangioma is deter- 
mined by the destiny of the structures to which the displaced primitive lymphatie 
sae is adherent. Ten of the cases considered in this essay contained thin fluid 
which varied from clear to yellow or brown in color. This lends support to the 
postulation just given and indicates that these cysts neither regained connection 
with their parent vein nor entered into union with the stream of the lymphatic 
system. 
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Four of the eysts contained milky fluid which was clearly chyle. This state 
may be explained by recalling that after the primitive jugular sacs execute their 
connections with the veins and the remaining lymphatic system, they are trans- 
formed into lymph channels and lymph nodes. Thus, this developmental arrest 
would oceur just prior to the transformation into lymph nodes. <A similar 
example may be found in the adult anatomy in the form of the cisterna chyli. 
The precursor of this latter lymph receptacle is only partially transformed into 
lymph nodes and vessels.”° 
Two points are emphasized by the fact that the phrenic nerve was inseparably 
incorporated in our ease of cystic lymphangioma and was in close relationship to 
eysts in this collected series. First, this intimate association is not surprising 
when it is recalled that branches of the third, fourth, and fifth cervical nerves 
pass through apertures in the primitive jugular saes;'* 7° second, as Goetch’ 
has pointed out, ‘‘This sequestrated lymphatic tissue may retain the power of 
growth inherent in the process of endothelial sprouting and penetration charac- 
teristic of the development of the normal lymphatic system.” Thus, lymphan- 
giomas may tend to penetrate mediastinal structures, vessels, and nerves. 


STRUCTURE 


The shape of these tumors generally has been described as round or oval; 
ours was more saddle shaped. Touroff and Seley”® described a cloacalike cystic 
structure filling the posterior mediastinum. Both unilocular and multilocular 
types have been noted. The size has varied from a few centimeters in diameter 
to one which occupied the entire lower hemithorax. Externally, the tumors have 
been shaggy and grayish white; the interior has usually presented a smooth, 
glistening surface with trabeculations. 


Microscopically the fibrous wall has contained connective tissue and collage- 
nous fibers. Smooth muscle often has been found in the trabeculations. This has 
appeared with sufficient frequency to suggest that it may be characteristic of 
these cysts. Perhaps a more extensive search would have revealed smooth muscle 
in a greater number of the collected cases. Lymphocytes, eosinophils, cholesterol 
erystals, and fatty acid crystals have been mentioned. In one ease?’ a foreign 
body reaction was noted but in none of the others was a true inflammatory 
exudate found. On the internal surface a lining of flattened cells, usually 
termed endothelium, has been found. In one eyst no lining cells were found 
presumably due to an inflammatory reaction within the lumen from B. coli and 
enterococeus.? 

Chemical analysis was performed on the thin, nonmilky type of contents 
from five cysts.’ 7° Protein, glucose, chloride, cholesterol, and lipids were 
found in varying quantities. 


THERAPY AND RESULTS 


All seem agreed that surgical excision is the procedure of choice. The main 
objectives of thoracotomy are to extirpate a space-occupying lesion and to estab- 
lish a diagnosis. 
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It is not always possible to excise the cyst completely because of inseparable 
involvement of neighboring structures. Four excisions were incomplete for this 
reason** *°-?8 and one of these cysts recurred three years postoperatively.”* 
Chemical sclerosis with Lipiodol?* was utilized once. Gross and Hurwitt* report 
the use of iodine as a sclerosing agent in the treatment of the mediastinal exten- 
sion of a cervical lymphangioma. Santy and associates?’ performed a biopsy and 
drained the cyst. They approached it through a cervical mediastinotomy as a 
mediastinal thyroid. Apparently this latter cyst still remains after repeated 
aspirations. <A two-stage excision was utilized on one oceasion.?® 

In the 18 cases, there are listed one empyema, one wound infection, and two 
nerve paralyses as operative complications. 

Most of the follow-up periods are too brief to draw any conclusions as to 
recurrence rate. As noted above, there was one recurrence three years after an 
incomplete excision. However, the longest follow-up period, ten years with no 
recurrence, was also in a case of incomplete excision.2> It may be that the 
inflammation of the resulting empyema in this latter case obliterated the remain- 
ing small cysts. 

CONCLUSIONS 


1. Mediastinal lymphangiomas are probably due to developmental defects of 
the primitive jugular sacs and in this regard do not differ from cervical and 
cervicomediastinal lymphangiomas. 

2. Whether the lymphangioma contains milky or nonmilky fluid probably 
depends on the stage of arrest of this developmental anomaly. 

3. Mediastinal lymphangiomas are discovered later than cervical lymphan- 
giomas because of the unyielding nature of the bony thorax. 

4, There are no specific symptoms, sex, or age groups which are of aid in 
diagnosing these mediastinal cysts. 

5. Certain patterns of anatomical location seem to exist; namely, in the 
lower anterior mediastinum and in the triangle between the superior vena cava, 
azygos vein, and esophagus. 

6. Smooth muscle appears to be a frequent occupant of the cyst wall and 
trabeculae. 

7. Lymphangiomas may be inseparably attached to mediastinal structures. 

8. Exploratory thoracotomy is necessary to establish a diagnosis and to 
extirpate the eyst. Chemical sclerosis may be beneficial when incomplete excision 
is practiced. 

SUMMARY 


1. Seventeen cases of mediastinal lymphangiomas which were subjected to 
operative intervention have been collected from the literature. 

2. An additional case (the eighteenth) is presented in detail. 

3. The embryology and clinical manifestations of mediastinal lymphangioma 
have been presented and discussed. 
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GIANT HEMOLYMPH NODE OF THE LEFT CHEST 
Report OF CASE 


ALLEN E. Grimes, M.D. 
LEXINGTON, Ky. 


CASE of giant hemolymph node of the chest is presented for the record, 

approximately seven years after its successful removal. The delay in 
making the report has been by intent. The patient’s continuing excellent 
health, without evidence of recurrence or persistence of the disease, seems 
to be the added evidence to confirm the diagnosis. 


By a most eareful search of literature, I was able to find but 5 similar 
clinical cases. Symmers,’ in 1921, reported 2 eases which he described as 
hemangio-lymphoma of the hemal nodes. In 1923, Lederer? described a simi- 
lar ease, and in 1950, Pemberton, Broders, and Maino® reported 2 cases. 
Leydig,* in 1857, described para-aortic lymph nodes in sheep and dogs not 
unlike accessory spleens. Gibbes,' in 1884, reported the finding of nodes, 
which contained circulating blood, in the region of the renal artery and 
vein. Robertson,® in 1890, published the gross and microscopic anatomy of 
these structures as found in sheep, bullocks, and human beings, and was 
the first to call them hemolymph glands. Warthin® made an exhaustive 
study, and, according to him, these nodes have an investing capsule of vary- 
ing thickness, containing a little elastic tissue and varying amounts of 
smooth musele and fibrous tissue from which irregular trabeculae project 
toward the hilum, dividing it into irregular lobules. Blood vessels enter the 
hilum and capsule, and communicating sinuses accompany the trabeculae. 
The subeapsular sinus contains blood and may extend around the entire 
periphery of the node. The lymphoid tissue between the sinuses varies 
greatly in amount, but otherwise resembles ordinary lymph nodes. Small 
lymphocytes are the chief cellular constituent and they may follow follicular 
arrangement. Usually, no arteriole is present in the follicle, in contrast to 
the spleen. Polymorphonuclear leukocytes, large mononuclear cells, and 
eosinophils are also present. Phagocytes containing erythrocytes are fre- 
quently misinterpreted as eosinophils. 

Hemolymph nodes cannot be considered ordinary lymph nodes into which 
blood has extravasated, because they are found in conditions in which trauma 
and congestion can be excluded. Various functions have been attributed 
to hemolymph nodes, but phagocytosis, particularly of the erythrocytes, 
slightly greater than that of the spleen, is their most obvious function, accord- 
ing to Lewis.* 

Received for publication April 22, 1955. 
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Hemolymph nodes are found in the prevertebral area of the abdomen, 
the thorax, and the neck, particularly in the vicinity of the larger vessels. 
In man, hemolymph nodes vary usually between 2 mm. and 6 mm. in diameter. 
Giant forms of this structure, however, have been reported in man, but they 
are rare. Symmers,’ in 1922, reported the cases of 2 patients with hemolymph 
nodes who came to autopsy. The first was a girl three and one-half years of 
age. The necropsy findings revealed an abdominal tumor 10 by 9 by 6 em., 
with widespread metastasis, notably in the mediastinum and the subperiosteal 
tissue. His second case was that of a 28-year-old man who had died of cyanide 
poisoning and, at necropsy, a 6 by 5 by 4 em. tumor was found overlying the 
left pelvic brim. The tumor had metastasized to the para-aortic region. 
Histologically, both tumors contained lymphoid cells associated with a large 
number of blood channels. In certain areas, there was distinct resemblance 
to the Malpigian bodies of the spleen. 

In 1923, Lederer? found at necropsy, in a 14-year-old girl who had died 
of heart disease, large nodes in the region of the thymus gland. The largest 
node was 3 by 10 by 9 mm. 

Pemberton, Broders, and Maino,®> in 1950, reported 2 cases of giant 
hemolymph nodes. Their first patient was a 38-year-old woman seen in 
1946. During the general examination, a mass was found in the left chest. 
At operation a tumor, 7 by 6 by 5 em., was found adjacent to the vertebral 
eolumn in the posterior part of the thorax and was removed. The second 
ease, in 1949, was that of a woman, 40 years of age, with a complaint of 
a gradually enlarging tumor of the right anterior cervical region. This 
tumor was removed and histologically corresponded to the structure of 
the first case and both conformed to the description of hemolymph nodes 
as outlined by Warthin.® 


CASE REPORT 


The case I wish to present was referred to me on Nov. 6, 1947, by Dr. E. J. Murray 
of the Julius Marks Sanatorium. The patient was a white man, married, 24 years of 
age, and employed as a freight handler, which entailed heavy lifting. He had been in 
excellent health until three weeks previously. His illness was acute in onset with sharp 
pain in the anterior left chest, over the left scapula, and in the upper left abdomen. 
The pain was intensified when the patient breathed deeply or lay on his right side. A 
week later, shortness of breath appeared and increased progressively to a disabling 
degree. A cough productive of a small amount of clear sputum had been present for 
ten days. There was no history of chills, fever, or tuberculous contacts. 

The patient, an intelligent, vigorous-appearing physical specimen, 6 feet tall, weigh- 
ing 200 pounds, without history of serious illness, accident, or surgical experience, had 
been rejected by the Army in September, 1945, without being given a reason; however, 
his home physician, two years previously, had told him that he had a tumor in the 
left chest behind the heart. At the time of my examination, I saw an exceedingly well- 
nourished and developed young, white man of ruddy complexion in apparent good 
health except for moderately severe dyspnea. On examination, the whole left chest 
was dull to percussion with absent voice and breath sounds. The temperature was 99.4° 
F., the pulse 100, strong and regular, and the respirations were 26 to 30 per minute. 
The erythrocyte count was 5.15 million, with 96 per cent hemoglobin. The leukocytes 
numbered 11,300, with 82 polymorphonuclear, 18 lymphocytes, and 11 stab forms. The 
urine was normal both chemically and microscopically. Roentgenograms of the chest 
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Pig. 1. Fig. 2. 


. 1—Posteroanterior view of chest which reveals a large tumor after aspiration of 
9,536 ¢c.c. of clear, straw-colored fluid from left chest. 
Fig. 2.—Lateral view of chest which shows posterior position of the giant hemolymph 
node. 





Fig. 3.—Postoperative view which shows complete removal of tumor. 
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were the most valuable single bit of evidence (Figs. 1 and 2). The initial films showed 
a dense homogeneous shadow involving the whole left cavity, with the heart displaced 
to the right. Within the succeeding four days, a total of 9,536 ¢.c. of clear, straw- 
colored fluid was aspirated. Smears, cultures, and guinea pig inoculations were done on 
the fluid and in time all proved to be negative. Sputum was never available for study. 
X-rays of the chest following aspiration revealed a large slightly irregular tumor, approxi- 
mately 14 by 10 em., projecting into the left mid-chest field. 

On Nov. 12, 1947, a left thoracotomy incision was made through the resected bed 
of the sixth rib. 

Approximately 300 ¢.c. of straw-colored fluid remained in the left chest cavity and 
was aspirated. Exploration then revealed a large, firm, slightly irregular rounded tumor 
slightly fixed in the posterior lateral gutter. The heart and great vessels appeared and 
felt normal and there was no extension or attachment to the mediastinum. The tumor 
extended posteriorly from about the fourth to the ninth ribs. The lower lobe of the 
lung was adherent to the anterior surface of the tumor by thin adhesions which were 
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Fig. 4.—Giant hemolymph node. Small lymphocytes are the predominant cells and there 
are a large number of sinuses containing erythrocytes. No Sternberg-Reed cells were identi- 
fied. A wide reticular framework surrounds the small vascular spaces and irregular, thick, 
fibrous septa divide the tumor into irregular lobules. 


easily sectioned by sharp dissection. There was no invasion of the lung or bony struc- 
tures, but the tumor was rather firmly attached to the posterior chest wall. A rather 
large area of parietal pleura was removed with the tumor. The postoperative course 
was uneventful and the patient was dismissed from the hospital on the fourteenth day 
(Fig. 3). The diagnosis of giant hemolymph node made this case of unique interest and 
as a consequence he has been closely followed. He resides in a near-by town, willingly 
returns for re-examination, and readily responds to letters of inquiry. In a recent 
communication, he stated that he was in excellent health, He maintains a weight 
of 200 pounds and is employed as a truck driver without restrictions. He is free from 
cough, sputum, chest pain, shortness of breath, palpitation or other disorder; in fact, 
he considers himself in unusually good health. 

As might be expected in a condition of such rarity, the pathologic diagnosis was 
an added problem. I referred the histologic slides to Dr. A. C. Broders, then in the 
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Pathological Department of the Mayo Clinic, for his opinion. He kindly reviewed the 
slides and made an unequivocal diagnosis of giant hemolymph node and urged me to 
report the case because of its rarity. 

The gross specimen was described as a tumor mass from the left chest cavity 
measuring 14 by 10 by 8 em. It was enclosed by a fibrous capsule to which fibrofatty 
tags were adherent. On section, it was composed of moderately firm, pinkish-tan tissue 
divided by irregular fibrous septa. 

Microscopically, the capsule was formed by a thin layer of collagenous connective 
tissue with fairly heavy vascularized fibrofatty tissue adherent to the outer surface. 
Fibrous septa, having something of the appearance of splenic septa, invade the substance 
of the tumor. The pulp between the septa is not that of ordinary splenic tissue. The 
basic pattern of the mass is lymphoid in type with evenly spaced, fairly uniform small 
follicles throughout. All the elements appear adult and fully developed. A fine reticular 
framework supports sinuses or vascular spaces closely packed with erythrocytes. The 
small lymphocyte is the predominant cell of the lymphoid tissue. Other cells present 
in small numbers are histiocytes, neutrophils, and occasional eosinophils. No Sternberg- 
Reed cells were identified (Fig. 4). 

Diagnosis.—Consistent with giant hemolymph node according to Warthin’s descrip- 
tion. 

Note.—The diagnosis of giant hemolymph node had been suggested by Dr. Albert 
C. Broders. 


SUMMARY 


A ease of giant hemolymph node of the chest cavity is presented because 
of its rarity. The patient remains in good health, free from recurrence or 
other disease, seven and one-half years after operation. 
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LOWER ACCESSORY LUNG COMMUNICATING WITH THE 
ESOPHAGUS AND ASSOCIATED WITH CONGENITAL 
DIAPHRAGMATIC HERNIA 
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INTRODUCTION 


HE anomaly referred to variously as lower accessory lung, supernumerary 

lung, or Rokitansky’s lobe constitutes one of the rarest anomalies encoun- 
tered in the chest. This tissue is usually located between the base of the left 
lung and the diaphragm, but several cases have been reported below the left 
leaf of the diaphragm. A unique feature is that there is no connection with 
the bronchial tree. A review of the available literature reveals no previously 
reported identical case and but few that closely resemble the deformity to be 
described in this communication. 

Among the earliest reports published are those of Rektorzik,? and 
Rokitansky,® each of whom separately reported a case in 1861. Since that 
time, over 40 cases of lower accessory lobe have appeared in the literature. 
Extensive bibliographies have been given by several authors.'-* © 11) 12 

DeBakey® performed the first successful resection of this anomaly in 1950. 
That same year Leahy and MacCallum’ reported the second. Although the 
majority of recorded cases of lower accessory lungs have been found at 
autopsy, the presence of this anomaly alone is not incompatible with life. 
Davies and Gunz? mention von Meyrburg’s case (a child 5 years, 9 months of 
age), Rektorzik’s case (a girl of 18 years) and Springer’s case (a woman of 
49 years). The presence of an associated congenital diaphragmatic hernia is 
not an infrequent finding in cases of lower aberrant or accessory lobe. Valle 
and White’? reported an incidence of 29.7 per cent. It is believed that this 
ease is the first recorded case of lower accessory lobe communicating with the 
esophagus, and associated with congenital diaphragmatic hernia, to be success- 
fully treated surgically. A somewhat similar case was reported by Scheidegger’? 
who described a case of a premature infant having an anomalous lobe of lung 
adherent to the pleural side of the left leaf of the diaphragm and connected 
to the stomach by a tract lined with gastric mucosa. His case was not asso- 
ciated with a diaphragmatic hernia, however. 
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A, B. 


Fig. 1.—A, Plain roentgenogram showing air-fluid level of stomach in lower left hemi- 
thorax. 8B, Lateral x-ray view within Levin tube passed into stomach demonstrating its intra- 
thoracic position. 








Fig. 2.—Barium study outlining intrathoracic position of portion of the stomach. 
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CASE REPORT 


History.—M. D., a 13-year-old Negro boy, was admitted to the John Gaston Hospital, 
Feb. 8, 1955, with the chief complaint of upper-abdominal pain, which had recurred in mild 
attacks for the past year. Three weeks prior to admission, he had had an acute, severe attack 
while eating which was relieved by lying down. The last attack of epigastric cramping 
pain associated with nausea and vomiting had occurred nine days before admission. A 
routine tuberculosis survey roentgenogram had shewn a translucent area in the left lower 
chest compatible with a hiatal hernia. The remainder of the history, including the systemic 
review, was essentially negative. 

Physical examination revealed a well-developed, well-nourished Negro boy in no acute 
distress. The remainder of the physical findings were negative. 








Fig. 3.—Close-up photograph at operation demonstrating diaphragmatic hernia and 
“accessory lobe” (being retracted upward with clamp). Note the pedicle of this lobe begins 
posteriorally in the sulcus between posterior thoracic wall and diaphragm adjacent to esophagus 
and aorta. The large bronchus of this lobe entered the esophagus and the arterial blood 
supply was derived directly from adjacent aorta above the renal arteries. 





Roentgen examination, which included a gastrointestinal series, confirmed the presence 
of the hiatal hernia with displacement of the upper one-half of the stomach into the left 
chest (Fig. 1, A and B, and Fig. 2). 

Laboratory studies were within normal limits. 

Operation—On Feb. 17, 1955, under endotracheal oxygen-ether-cyclopropane anesthesia 
the left hemithorax was entered through the eighth intercostal space. On opening the pleural 
cavity, a diaphragmatic hernia was immediately visualized posteriorly. Contained within the 
hernial sac was the upper one-half of the stomach and the greater portion of the spleen. Upon 
retracting the left lower lobe cephalad, a bluish-gray mass, roughly triangular in shape, was 
found lying in a posterolateral plane attached by a pedicle to the esophagus (Fig. 3). The 
mass was carefully dissected free and found to communicate with the esophagus by a 
patent passage just above the cardio-esophageal junction. The tract between the esophagus 
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and the mass was doubly clamped, divided, and the esophageal opening closed with two 
inverting layers of No. 3-0 silk. The arterial supply originated from a branch of the ab- 
dominal aorta in the region of the renal vessels. Venous drainage was into the portal system. 
The hernial sac was opened widely, the stomach and spleen were returned to the abdomen, 
and repair of the diaphragmatic hernia was accomplished without difficulty. 


The postoperative course was essentially uneventful and the patient was discharged 
from the hospital on Feb, 27, 1955. 

Pathology Report—The specimen received was consistent with lung tissue. It 
measured 6 by 4.5 by 3.5 em. and showed a somewhat smooth anterior surface with a some- 
what bulging posterior surface. The lower portion of the specimen was composed of a very 
large vein and artery. A large bronchus, measuring approximately 0.7 em. in diameter, which 
was connected to the esophagus, was present. The bronchial wall was smooth and thin and 
shows no unusual anatomic picture. The blood vessels were transversely seen in the specimen 
without showing any blood coagulation in the lumen. 

The final pathologic diagnosis based on histologic sections was that of accessory lobe of 
lung showing chronic interstitial inflammation. 


DISCUSSION 

Etiology—No unanimity of opinion exists with regard to the origin of 
lower accessory lobe. Of the numerous theories proposed, only the two which 
seem most plausible will be mentioned. The theory of sequestration advocated 
by Cockayne and Gladstone’ appears to be the most widely accepted. They be- 
lieve that a portion of the embryonic pulmonary tissue, after having become 
adherent to a neighboring part or organ from which it draws its blood supply, 
secondarily may be separated from the parent tissue and grow independently. 
These adhesions of the lung bud to the septum transversum covering the liver, 
or to the wall of the pleuroperitoneal passage in typical left-sided cases of ac- 
eessory lung, may interfere with a normal retraction of the lung bud from the 
abdomen into the thorax and cause a persistence of the pleuroperitoneal opening. 
This could explain the association of the accessory lungs with left-sided con- 
genital diaphragmatic hernia and also the attachment of the accessory lung to 
the lower esophagus and stomach; a finding in this case. 

The other prominent hypothesis, that of duplication advocated by Eppinger 
and Schauenstein,* suggests that these anomalies be interpreted as true third 
lungs rather than aberrant sequestrated lung fractions or lobes. 

Although an entirely convincing explanation of the derivation of lower 
accessory lungs remains to be found, an analysis of the reported cases in the 
literature reveals certain characteristics common to all eases. 


1. They consist of masses of lung tissue in various stages of differentiation 
oceurring in the thorax, lower neck, or upper abdomen and not connected 
with the normal respiratory tract. 

2. Despite the fact that most cases are found at autopsy, this anomaly is 
not incompatible with life. 

3. In the human being, accessory lungs are much more common on the left 
side. 

4. The presence of an associated defect of the diaphragm predominantly 
left-sided is a not an infrequent finding. 
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5. Except for an occasional rare case, the blood supply of lower accessory 
lungs is not associated with the pulmonary vascular system, but is 
derived from the aorta. 

6. Although lower accessory lungs are subject to the diseases which affect 
the normal lung, they are usually free of disease. 


Our case presents several interesting points. The diaphragmatic hernia was 
detected by a routine tuberculosis survey x-ray film approximately three 
months prior to admission to the hospital and had produced no severe symp- 
toms until approximately three weeks prior to admission. The lower accessory 
lung was not detected by the preoperative roentgenologic examination. Al- 
though a patent communication with the esophagus existed, the patient had 
experienced no severe respiratory infection. This is in marked contrast with 
the case reported by Gans and Potts.® Their patient, a 5-month-old infant, had 
experienced recurrent severe attacks of respiratory infection since birth. 
The anomalous lobe was located in the apex of the left chest and was not asso- 
ciated with diaphragmatic hernia. 


SUMMARY 


1. A ease of a lower accessory lung communicating with the esophagus and 
associated with congenital diaphragmatic hernia is presented. 

2. The possible origin of this anomaly is discussed. 

3. Suecessful repair of the diaphragmatic hernia, with removal of the 
aecessory lobe, was accomplished without incident. 
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DIRECT EXPERIMENTAL APPROACH TO THE AORTIC VALVE 


ALBERTO ApAM, M.D., GuMERSINDO BLANCO, M.D., Francisco L. Rarrucct, M.D., 
AND AGUSTIN FERNANDEZ, B.S. 
SAN JUAN, Puerto Rico 


| te ninanensandion surgery under direct vision is the logical aim of those 
endeavoring to correct congenital or acquired lesions of the heart. Up to 
the present, blind procedures have, of necessity, provided the surgeon with 
his most widely applicable techniques, in both the clinical and research fields.*® 
These limited maneuvers preclude the attainment of direct exposure of the 
structures involved and as such remain approximations to an ideal. 

New developments in the fields of hypothermia,” * pump oxygenators,°® 
and eross circulation techniques’’ have expanded the horizons of intracardiac 
maneuvers under direct visualization, making it possible to stop the inflow and 
outflow tracts of the heart for varying periods of time and to attack most 
intracardiac problems directly under circumstances which promise low rates 
of morbidity and mortality. 

The region of the aortic valve stands out conspicuously as a difficult one 
iv approach even with the newer techniques. Aside from minor obstacles of 
a technical nature, such as high intraluminal pressures and/or friable mural 
tissues, free entry into this area exposes the coronary ostia and leads in- 
variably to coronary air embolism, myocardial anoxia, ventricular fibrillation, 
and death. Although some observers have demonstrated the reversibility 
of these changes when coronary air embolism and/or ventricular fibrillation’: '* 
are produced as isolated experimental situations, it is logical to assume that if 
they occurred concurrently with manipulations at the aortic valve area the 
associated mortality would rise significantly. 

A number of techniques have therefore been devised to approach the 
aortic valve. Those meeting with success in the experimental animal and in 
the human being are invariably blind procedures involving: 


1. Introduction of ingeniously designed instruments through the left 
ventricle with the purpose of fracturing or dilating the aortic valve from 
below. 

2. Application of various grafts of pericardium, vessels, and plastic 
prosthesis to the base of the aorta, and introduction of the manipulating 
finger or instrument through these tunnels to obtain the desired intra- 
cardiac valvular effect. 
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Our first approach to the problem was to prevent air embolism of the 
coronaries by cessation of cardiac contractile activity whether by electric 
shock, with ensuing fibrillation, or by perfusion of the coronary system with 
potassium chloride with ensuing cardiac arrest in asystole. The proximal aorta 
would then be opened, the desired defect produced, and the aortic incision 
closed under water to prevent entrance of air after normal contractile activity 
was re-established. 

These efforts failed invariably, in our hands, because of the difficulties en- 
countered in restoring persistent normal cardiac rythym for significant periods 
of time after the aorta was closed. 

It has been the purpose of this investigation to develop a suitable ap- 
proach to the aortic valve under direct vision and concomitantly eliminate 
the complication or air embolism to the coronary arteries. The result of these 
experiments represents a phase in this project. Our final goal will be directed 
toward developing a method by which the condition just mentioned would 
be satisfied and the period of time available for direct valvular surgery be 
adequate. 

METHOD 

Adult mongrel dogs weighing from 7 to 10 kilograms were employed. The animals were 
anesthetized by the administration of 30 mg. Nembutal per kilogram of body weight. 
Some were cooled to 27° to 28° C. rectal temperature with a refrigeration unit equipped 
with cooling blankets. An intratracheal tube was inserted and artificial assistance to 
respiration carried out by an automatic respirator, 

The thorax was entered through an incision in the right fourth intercostal space. 
The superior and inferior venae cavae were then isolated over umbilical tapes preparatory 
to future occlusion, The azygos vein was ligated in continuity, thus securing control over 
cardiac inflow. 

The pericardium was incised longitudinally, parallel and 1 em. anterior to the right 
phrenic nerve, and its borders were sutured to the thoracic wall, lifting the heart up- 
ward to provide better exposure. The tip of the right auricle was grasped with a 
hemostat and ligated so it would be pulled away from the aorta, exposing the proximal 
aortic surface. Dissection of the anterior aortic fat pad was then carried out and both 
posterior and anterior fat pads were grasped with hemostats for traction, in order to lift 
the vessel into closer view. . 

At this point dissection at the aortic origin was abandoned and, after mild rotation 
of the heart, a purse-string suture was placed in an avascular area of the apex of the left 
ventricle. 

A stab wound was made in the center of this area, entering the ventricular cavity 
and through this wound a No. 20 polyethylene catheter was introduced. The latter had 
been previously connected to a saline reservoir. Care was taken that all tubing up to the 
catheter tip was filled with fluid. 

The purse-string suture was tied snugly about the catheter securing it to the ventricular 
wall. Preparations were then made to enter the aorta and, with all instruments in readiness, 
the superior and inferior venae cavae were occluded by tightening the umbilical tapes about 
them. 

Exerting upward traction on the fat pads, as described previously, the aortic origin and 
its sinus of Valsalva were brought into prominence so that an incision about 1.5 to 2.0 em. 
in length could be made along the long axis on its anterior wall. 

Upon entering the lumen of the artery, a steady flow of saline solution was allowed to 
enter the left ventricle via the polyethylene catheter, and in a few seconds this washed the 
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blood from the ventricular cavity through the aortic incision. The structures at the aortic 
valve were then clearly visualized. Exposure of the valve was enhanced by placing a small 
retractor at the proximal end of the aortic incision, carefully avoiding tearing the 
vessel wall. 

A suture of No, 4-0 silk was then placed to include two adjacent cusps near their 
mural attachments. During suture, the saline stream could be controlled so that it merely 
covered the intimal surfaces and the coronary ostia, and did not obscure the operative 
field. 

Upon tying the aortic valvular suture, the stream was again increased and suture 
of the aortic incision was begun. Simultaneously with or just previous to the conclusion 
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of aortic suture, the saline stream was discontinued to prevent overdistention of the left 
ventricle. The cardiac inflow tract was also opened slowly, releasing the constriction on 
the superior vena cava first and that on the inferior vena cava a few minutes later. By 
the time aortic closure was completed, the heart had assumed strong regular contractions 
and the ventricular irrigating catheter was withdrawn followed by the placing of a 
suture to close the small ventricular wound. 

All pericardial sutures were divided, the incisions were inspected for evidences of 
bleeding, and the heart was allowed to resume its normal position. The pericardium was 
sutured loosely over the heart in a few instances. 

Both pleural cavities were made dry of saline solution and blood by suction, and the 
chest was closed in layers leaving a rubber intercostal catheter in the right costophrenic 
sulcus to which suction was applied. 
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The hypothermic animals were then rewarmed; a process which usually took one and 
one-half to two hours. By the end of this period, spontaneous respirations had reappeared, 
making the use of a respirator unnecessary. Four hundred thousand units of penicillin 
were injected through the intercostal catheter and it was withdrawn. The animal was re- 
turned to his cage. 
Electrocardiographic tracings were obtained before and after surgery. 


DISCUSSION 


Twenty dogs were operated upon by this method; 11 were hypothermic, 
9 were normothermic. During the period of inflow tract occlusion, intra- 
aortic maneuvers could be carried out for 2 to 4 minutes, allowing ample time 
for commissural suture with the production of varying degrees of stenosis. 
Exposure of the valve leaflets was adequate after a short (15 to 20 seconds) 
initial period to allow clearing of the left ventricle of its contained blood by 
the irrigating saline solution. 

Twelve dogs exhibited ventricular fibrillation which usually occurred at 
the termination of aortic closure. The onset of this arrythmia coincided in 
many cases with release of the cardiac inflow tract. In these dogs, ventricular 
contractions, which had been getting progressively weaker, would become 
almost imperceptible. It was observed that if the stream of saline solution was 
not cut off just previous to this moment, or if both superior and inferior venae 
cavae were released simultaneously, marked distention of the right chambers 
would occur with the appearance of arrythmia. Fibrillation was treated with 
the usual measures of massage, intracardiac Adrenalin, and electric shock. 

Ten dogs succumbed within forty-eight hours of the procedure and are 
considered operative deaths. Of these, only 2 died during the operation, both 
from irreversible ventricular fibrillation. One of these is the only case in 
which air embolism of the coronary circulation occurred, and in this dog the 
ventricular catheter became dislodged so that the coronary ostia were exposed 
to air for at least 2 to 3 minutes with resultant massive air embolism. 

The remaining 8 early deaths can be attributed almost exclusively to 
technical errors. Insecure aortic closure resulted in cardiac tamponade (1 
case), and hemorrhagic shock (2 cases). 

One of the early cases was lost at the table (previously mentioned) be- 
cause of persistent ventricular fibrillation at the time both inflow tracts were 
released. 

Although measures to stop ventricular fibrillation appeared to be success- 
ful in many eases, recurrence of fibrillation must explain some of the remain- 
ing deaths. Again, undue prolongation of intra-aortic maneuvers, particularly 
in normothermic animals, must have caused irreversible cerebral damage and 
contributed to the high mortality. 


SUMMARY 
1. A direct surgical experimental approach to the aortic valve is presented. 


2. Twenty dogs were operated upon by this method and the results are dis- 
cussed. 
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3. Air embolism to the coronary vessels is eliminated by this technique. 

4, A 50 per cent mortality within forty-eight hours is reported, ascribed in 
large measure to technical errors during the operative procedure. 

5. The surviving animals will be studied with regard to physiologic and 
pathologie changes resulting from aortic valve suture. 

6. The short duration of the available operating time for intra-aortic 
maneuver and the high incidence of ventricular fibrillation limit the possibilities 
of any clinical application at this time. Further experiments are in progress 
in an attempt to correct these deficiencies. 
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EXPERIMENTAL METHODS FOR PRODUCING A COLLATERAL 
CIRCULATION TO THE HEART DIRECTLY FROM THE 
LEFT VENTRICLE 


ALFRED GOLDMAN, M.D., S—EyMour M. GREENSTONE, M.D., Frep S. Preuss, M.D., 
SHERMAN H. Strauss, M.D., anp EN-SHu Cuana, M.D. 
Duarte, CALIF. 


URRENT operative procedures designed to re-establish adequate myocardial 
circulation in human and experimental occlusion of the coronary arteries can 
be grouped under the following categories: (1) application of an inflammatory 
agent like powdered tale or asbestos to the abraded pericardium to create a 
vascularized granuloma with or without partial occlusion of the coronary sinus,’ 
(2) arterialization of the coronary sinus by placing a free vein graft between 
the aorta and coronary sinus or by direct anastomosis,’ (3) the grafting of 
vascularized tissue to the myocardium (omentum,* mediastinal fat,*° skeletal 
muscle,® and other tissues), and (4) the implantation of a third artery (internal 
mammary) into the left ventricle.© In these operations, the improvement 
of the coronary circulation is achieved: (1) by extracardiae vascularization, 
and (2) by stimulating the development of intercoronary arterial anas- 
tomoses.” § 

The existence of a large and constant supply of arterial blood in the left 
ventricle made it logical to infer that the circulation to ischemic heart muscle 
could be materially improved if a practical method were devised for channeling 
blood in funetional amounts from the ventricular chamber to the surrounding 
myocardium. Accordingly, experiments were performed on dogs with intra- 
myocardial arterial and polyethylene tube grafts. 

The purpose of this paper is to describe three surgical methods for apply- 
ing the foregoing principle and to compare their efficiency by subjecting the 
grafted animals, together with suitable controls, to test ligation of the anterior 
descending coronary artery. 

METHODS 


1. U-Shaped Arterial Grafts (21 dogs).—Open pericardiotomies through 
an incision in the fifth interspace, with intratracheal Nembutal-oxygen anes- 
thesia, were performed under standard operating room conditions upon dogs 
of mixed breed weighing from 12 to 23 kg. A segment 4 to 6 em. in length was 
excised from the left carotid artery through a separate incision in the neck. 
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Approximately ten openings, of 1 to 3 mm. each, were made by removing por- 
tions of the arterial wall with fine, sharp scissors. The prepared free carotid 
arterial graft was threaded through the left ventricular wall in an area sup- 
plied by the anterior descending coronary artery to form a U-shaped perforated 
graft with the loop lying free in the heart cavity and the ends sutured loosely 
to the epicardium. Thus, new channels were created for blood to flow directly 
from the ventricular chamber into the heart muscle via the lumen of the 
arterial graft as well as through the spaces between the graft and myocardium 
(Fig. 1). In addition, the proliferating endothelium, by way of the perfora- 
tions, was afforded an opportunity of fostering anastomotic channels with 
surrounding myocardium. 





Fig. 1.—Free carotid artery graft. 


In 2 groups of these prepared animals, after three weeks and two months, 
respectively, a second pericardiotomy was performed to test the protective 
effect of the arterial graft against acute myocardial ischemia. The myocardial 
circulation was challenged by ligating the anterior descending coronary 
artery immediately distal to the cireumflex branch. No special effort was 
made to include the septal branch in the ligation. The pericardial incision was 
made small in order not to disturb newly formed adhesions. The pericardium 
was sutured loosely and the chest wall closed in layers without drainage. 
Twenty-four hours or five days later, the surviving dogs were anesthetized 
and sacrificed by opening the thoracotomy wound and removing the beating 
heart. Procaine penicillin, 500,000 units intramuscularly, was given for two 
to three days after each surgical procedure. In some instances, India ink, in 
amounts from 1 to 2 ¢.¢., was injected under low pressure through the peri- 
cardial end of the arterial graft. The removed heart and pericardium were 
fixed in 10 per cent formalin. 
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A third group of U-graft animals was prepared with 2 parallel free grafts. 
Challenge by ligation was performed after two months and the animals 
sacrificed five days later. 

2. Straight Arterial Grafts (4 dogs).—The technique used was the same as 
for the U-arterial graft except that the free carot'd graft was inserted at right 
angles to the cardiac wall so that the open end lay free in the ventricular cavity. 
The other ligated end was sewed loosely to the epicardium, Challenge and 
sacrifice were performed by the methods employed for the dogs with U-shaped 
grafts. 

3. Polyethylene Tubing (10 dogs).—Perforated polyethylene tubing, ap- 
proximately 3 em. in length and 1.5 mm. inside diameter, was threaded through 
the myocardium in the same manner as the straight arterial graft. The experi- 
ment was completed as in Groups 1 and 2. 

4. Normal Controls (18 dogs).—In these animals, the anterior descending 
coronary artery was ligated as in the challenging procedure of Groups 1, 2, and 
3. Sacrifice was after one day (24 hours +). 


A-B = LONGITUDINAL EXTENT OF INFARCT 
CD = TRANSVERSE EXTENT OF INFARCT 
e 


W-Z = LONGITUDINAL DIMENSION OF HEART 
(BASE TO APEX) 


X-Y= TRANSVERSE DIMENSION OF HEART 
e 


== HEART IS CUT IN SERIAL SECTIONS 
== OF 2-3 mm THICKNESS 


Fig. 2.—Method of measuring infarcts. 


5. Chromic Phosphate Controls (14 dogs).—These dogs were prepared by 
instilling 6 ¢.e. of colloidal chromie phosphate (particle size, 50 to 100 mp) in- 
to the pericardial sac. One-half of the animals received the radioactive sodium 
salt (P°*) and the other half, the nonradioactive compound, and three weeks 
later, all were challenged in the same manner as in the other groups. Sacrifice 
was after one day. 


METHOD OF STUDY OF THE HEART 


A. Measurement of Infarcts (infaret ratio) —To compare the size of the 
various infarcts in relation to the size of the ventricles a practical means of 
reducing these measurements to a number was devised. This number was 
designated as the “infaret ratio” (IR). 

The IR was computed by dividing the product of the length and width 
of the infarct by the product of the length and width of the ventricles and 
multiplying the resulting fraction by 100. This was expressed in the equation: 

(AB) X (C-D) 


= (W-Z) X (X-Y) xX 100. 
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Measurements are in millimeters and A-B and C-D represent the width and 
length of the infarcts, and W-Z and X-Y the width and length of the ventricles 
(Fig. 2). 

Beginning at the apex, the heart was cut with an electric slicer into sections 
2 to 3 mm. thick, at right angles to the anterior descending coronary. All of 
the slices containing the infarct were then replaced in their proper sequence 
one against the other, and the distance in millimeters between the first and last 
slices was taken to represent the length of the infarct (A-B in Fig. 2). The 
longest transverse measurement of the infarct area in any of the slices was 
arbitrarily taken as the width of the entire infaret (C-D in Fig. 2). 

The third dimension (N) was graded 1 to 5 as follows: (1) Absence of gross 
infarction. (2) Patehy intramural infarction. (3) Subendocardial necrosis 
with or without septal involvement. (4) Subepicardial involvement in addition 
to N 2 and 3. (5) Necrosis through and through the ventricular wall. 

B. Pericardial Reaction.—This was graded 1 to 4+, as follows: 1+, few 
filmy adhesions; 2+, extensive, filmy adhesions; 3+, thick adhesions; and 4+, thick 
extensive adhesions which when separated by blunt or sharp dissection while the 
heart was beating left oozing epicardial and pericardial surfaces. 

The slices were studied grossly for location and patency of the graft and 
size and distribution of the infarcts. Suitable microscopic sections were pre- 
pared from these slices. 


RESULTS 


U-Shaped Grafts.——(Tables I and II.) The 3 groups of animals employed 
showed a greater degree of protection against ligation than any of the other 
groups. The percentage of survivors was greater and infaret size smaller 


TABLE I. RESULTS IN CONTROLS AND U-GRAFTS IN LEFT VENTRICLE 























PER CENT 
NUMBER SURVIVING SIZE OF 
OF AFTER INFARCT PERICARDIAL 
GROUP DOGS CHALLENGE (MEAN IR) ADHESIONS 
Normal controls 18 39 59.8 1+-2+ 
Chromic phosphate controls: 
a. P32 (3 57 54.7 0 -1+ 
b. No P32 7 57 57.8 0 -1+ 
U-graft: 2 months 7 100 51.0 3+-4+ 
U-graft: 3 weeks 7 85 - 3+-4+ 
Multiple U-grafts: 2 months 7 100 34.7 2+-4+ 
TABLE II. INFARCT SIZE IN MULTIPLE U-GRAFTS IN 7 Dogs 
NUMBER OF 
DOG A-B* c-D* Ww-z* Os IR* N NUMBER* 

18 MG 5 4.5 4.5 8.5 7.0 40.7 4 

26 MG 6 3.0 4.0 7.0 6.0 28.5 2 

25 MG 8 6.5 4.5 8.5 5.5 60.1 3 

98 MG 10 5.0 4.0 7.0 6.5 44.0 2 

100 MG 12 4.8 4.5 7.6 7.4 37.1 3 

76 MG 14 3.5 4.0 9.0 7.0 22.2 2 

24 MG 15 2.5 1.5 6.5 5.5 10.4 z 





*See text for definition of symbols and compilation of IR. 
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(Figs. 3A and 3B). Ballooning and cyanosis immediately after ligation were in- 
conspicuous.” In each of the groups, vascularized pericardial adhesions were 
well developed especially about the pericardial ends of the grafts. When these 
adhesions were cut while the heart was beating, there was sustained oozing of 
bright red blood from the muscular side around the graft as well as from the 
pericardial side. In the 2-month groups, denser, less vascular adhesions were 


DOG 62 : DOG 100 


Fig. 3A.—Comparison of infarcts in control Dog No. 62 with 5-day infarct; and Dog No. 
100 MG 12, multiple (2) U-graft with 5-day infarct. 


Control IR: = 69.1 N= 4 
U-2ratt ih: = 37.1 N= 3 


Comparable slices at 6 to 8 mm., 16 to 18 mm. and 22 to 24 mm. from apex. Note the smaller 
reg Pinay 3 yao nature of the U-graft infarct compared to the control. White markers point 
o the U-grafts. 


consistently found over the distal anterior descending coronary. Gross examina- 
tion demonstrated patency of all grafts. The patency was not always uniform 
in a given graft; as a rule, the portion which projected into the ventricle re- 
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tained its patency more satisfactorily than the intramural segment. Microscop- 
ically, there was only minimal necrosis even after two months, despite the fact 
that the grafts had remained in acutely ischemic areas up to five days after 
challenge. Frequently there was free blood in the lumen. Hematoxylin-eosin 
stains showed pronounced intimal proliferation but also, in some but not all, 
varying degrees of degeneration of the arterial wall (Fig. 4). In the hearts 
injected with India ink, many newly formed communicating vessels were 
demonstrated within the ischemic area (Fig. 5). 


DOG 62 DOG 100 


Fig. 3B.—Camera Lucida tracings of infarcts in Fig. 3A. Note smaller size infarct in 
Dog No. 100 MG 12 prepared with U-grafts. 

Straight Arterial Graft——Four dogs comprised this group. At the time of 
challenge, three weeks after implantation, there was thrombosis in each in- 
stance in the portion of the graft which projected into the cavity of the ven- 
tricle. Yet, 3 of the 4 (75 per cent) survived the ligation and in these the grafts 
were well tolerated by the animals without loss of weight. Pericardial adhesions 
were 4+ in 3 dogs, and 1+ in 1. The presence of thrombosis in the intracavitary 
projection of the graft and the microscopic findings indicated that at least 
some of the blood reached the myocardium via the myocardial space surround- 
ing the graft. 
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Polyethylene Tubing.—Ten dogs comprised this group. Five dogs died be- 
fore the end of the preliminary period of three weeks; 2 from embolism, 1 from 
pneumonia, 1 from hepatitis, and 1 from an error in ligation technique. The 
dogs tolerated the polyethylene graft poorly and all the grafts were thrombosed. 
Only 3 of the 10 animals could be challenged by ligation and but one of these 
survived the challenge. 

Normal Controls.—In the 18 dogs which were used, death occurred with- 
in twenty-four hours in 11, or 61.1 per cent, and all but a few died before the 
end of the first hour after ligation. The behavior of these animals after the 
coronary artery was tied was very different from those prepared with U-shaped 
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Adjacent large vascular space with free blood is also present. (Microphotograph X50.) 
grafts. Ballooning and cyanosis were conspicuous and the rapid onset of myo- 
cardial ischemia was further suggested by the early appearance of ventricular 
fibrillation which often developed within minutes. The mortality was approxi- 
mately two and one-half times as great and the size of infarcts was greater, 
only a mild pericardial reaction developed and, microscopically, there was 
evidence that myocardial repair was delayed. Estimation of the third dimen- 
sion of infarcts showed many with ratings of N 4 and 5. 

Chromic Phosphate Controls (Sham Operations).—Ballooning and cyanosis 
were as pronounced and as frequent after ligation as in the normal control 
group and the IR was not significantly different. On the other hand, the pro- 
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portion of survivors indicated that the intrapericardial instillation of chromic 
phosphate provided some degree of protection against challenging ligation 
(Table I). The results in the group which received the radioactive compound 
were essentially the same as those treated with the nonradioactive salt, and 
the tests of benefit by survival and infaret size indicated that these compounds 


were of no value in augmenting the coronary circulation. 


Fig. 5.—Dog No. 98 MG 10; U-graft in place two months and in infarcted area five days. 
India ink injection. Note that the graft is surrounded by numerous small vessels filled with 
India ink. (Microphotograph X120.) 


DISCUSSION 


In an effort to improve the circulation of the myocardium in artificially 
induced ischemia, arterial grafts, both single and multiple, were inserted into 
the wall of the heart in such a way as to provide direct and immediate access 
of ventricular blood to the heart muscle. In the series of U-grafts animals 
tested against suitable controls, such a grafting operation did provide a certain 
amount of protection against the effects of ligation of a major coronary artery, 
as measured by infarct size and survival time. The difference between survival 
in the 18 normal control and the 21 U-graft dogs (Table I) was analyzed and 
these results were found to be statistically significant.* These favorable effects 


*These results were analyzed statistically according to a method of chi square described 
by Fisher and Yates® and applied to tests of significance for 2 X 2 contingency tables with 
one degree of freedom. This method is recommended where the smallest expectation of any 
class is less than 100. By this method chi square was equal to 11.9 and the difference there- 
fore between the controls and experimentals was significant. 
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on survival statistics are further enhanced by the results in the chromic phos- 
phate controls, which as sham operations increased survival only insignif- 
icantly. 

An unfavorable factor was the development of occlusive narrowing and 
progressive loss of mobility of the grafted artery, but it is notable, in some 
instances, that blood continued to reach the myocardium from the ventricle 
through the thickened grafts and especially via spaces and new vessels around 
the occluded graft. Gregg and Eckstein’? have stated in reference to vessels 
embedded in myocardium that ‘‘when blood from the aorta flows through an 
embedded (arterial) segment a systolic flow may oceur.’’ It is reasonable to 
assume that a similar systolic flow should occur from the left ventricle through 
the thick-walled U-grafts. Beck and Leighninger™ have accentuated the fact 





Fig. 6.—Dog. No. 82 MG 16 sacrificed three and one-half months after preparation with 
two U-grafts. The metal probes are placed inside the patent lumens of the grafts. Note 
thickening of the walls of the grafts, and patency of both the intramural portions, A, and 
the intraventricular loops, 


that relatively small quantities of blood (1 to 5 ¢.c. per minute) are sufficient 
to inhibit fatal trigger mechanisms arising in ischemic muscle. It is believed 
that the U-grafts should have been able to supply such needed amounts to the 
myocardium. 

The ultimate fate of these free arterial grafts is not yet known and longer 
term experiments are already under way (Fig. 6). An additional group of 7 
dogs with 3 parallel U-grafts has already survived in good general condition 
for four to six months, indicating that these grafts are well tolerated for such 
longer periods. The testing of the survival of these free grafts by the present 
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experiments is the severest kind of test because they are placed in an acutely 
infareted area, and the microscopic observations indicate that the artery 
survives better in the healthy muscle than in the infarcted area. 

It is premature to state that the principle of direct transfer of arterial 
blood from ventricle to myocardium can be applied to the surgical treatment of 
human coronary occlusion. More studies are needed to investigate the sur- 
vival of grafts in chronic experiments, to explain the mechanism of protection 
when grafts become occluded, and to ascertain the value of grafting in hearts 
which have survived the effects of acute or chronie coronary occlusion. 


SUMMARY 

1. A new principle involving free arterial grafting for revaseularizing the 
dog’s heart directly from the left ventricle was explored and 3 operative tech- 
niques deseribed. U-shaped and straight carotid grafts were implanted in the 
left ventricle in such a way as to channel arterial blood directly from the 
heart chamber to the myocardium. 

2. Dogs with arterial grafts were challenged by ligation of the anterior 
deseending coronary artery. Protection in the grafted dogs was tested by 
survival and infaret size, and a comparison made with the results in controls. 
A practical method for estimating infaret size was described. Significant 
protection against ligation was observed, notably in the animals which re- 
ceived the U-grafts. Twenty of 21 dogs, or 95 per cent, survived ligation after 
implantation of single or multiple U-grafts as compared with 39 per cent in 
controls. 

3. Polyethylene tubes engrafted into the heart and colloidal chromic phos- 
phate, radioactive and nonradioactive, instilled into the pericardial sac gave 
disappointing results. 

4. A degree of protection was achieved even when thrombosis developed 
in the arterial graft, suggesting that blood may have reached the myocardium 
via channels around or connected to the artery. 

5. A brief report was made on promising long-term experiments now in 
progress. 

6. The application of the grafting principle to human surgery was dis- 
cussed. 
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Erratum 


In the article by Dr. CHARLES C. MACKLIN, entitled ‘‘Induction of Bronchial Cancer by 
Local Massing of Carcinogen Concentrate in Outdrifting Mucus,’” which appeared in the 
February issue of the JoURNAL, pages 238-244, the last two sentences under the heading 
‘«Trachea’’ on page 243 should read as follows: 







‘‘Tf the cancer-producing action were primarily on the first part of the air tract en- 
countered by the entering carcinogens we would expect to find the trachea more heavily 
involved than the great bronchi. By the time the mucus gets to the trachea it is doubtless 
depleted in carcinogens. ’’ 










